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SECTION I 


1. 0 COST TRADE STUDIES 

A . Energy Cotiservation and Architoctural Features 

Energy conserving features were incorporated into the architectural design of 
the NASA New Castlo solar home. The primary areas of concentration wore: 

• Glazing type and amount. 

• Building insulation. 

• Control of infiltration. 

• Miscellaneous energy-conserving features. 

Glass was used selectively in the design of the NASA New Castle solar home 
to admit light and views while minimizing detrimental effects of heat loss and 
heat gain. The primary glazing areas face south, and the total window area 
is only 10.5 percent of the building wall area. Of this glazing, 61 percent 
(or 160 square feet) occurs on the south elevation. Skylighting has been used 
selectively to maximize the benefit of natural light while minimizing the glass 
area. Windows used in the home are double-glazed units manufactured by 
Andersen Windows, Inc. 

Building walls were of 2 x 6 construction with 6" foil-faced fiberglass batts. 

A tongue and groove styrofoam sheathing is used, giving an overall wall "U" 
value of 0. 04, The roof insulation consists of two batts of 6" fiberglass insula- 
tion, with the lower-most batt being foil-faced, resulting in a "U" value of 
0. 037. 

Several techniques are used to control infiltration of outside air. Tongue and 
groove styrofoam sheathing material has demonstrated effectiveness in control 
of infiltration on wall surfaces. Andersen window units were selected because 
of quality construction and minimal infiltration. An entry vestibule is used, 
which permits the users of the house to close the outer door before opening 
the inner door, thus minimizing infiltration in tins area. 

Various other considerations were incorporated into the building design to 
conserve energy. The building portions were arranged to present the largest 
wall area facing south. This maximizes the benefits of solar gain during the 
winter season and minimizes the detrimental effects of solar gain on the east 
and west elevations during the summer period. The south wall is 1.5 times 
the length of east or west walls. Studies have shown that this is the optimum 


building proportion for this climatic zone location. Berming is used selectively 
on exterior walls to control infiltration and to reduce solar heat gain during 
the summer. Attic space is adequately vented to minimize the impact of heat 
loss from the backside of the collectors on the cooling load during the summer 
portion of the year. In addition, water-saving fixtures are used to conserve 
water as a natural resource and to save the energy required to provide 
domestic hot water to the home. 


B. Solar Heating System Design Year 

A base year for solar and weather data was necessary to run computer simu- 
lations for this solar heating system and site location. The site, New Castle, 
Pennsylvania, is located in the extreme western portion of that state. As 
there is no weather data available for New Castle, Pennsylvania, nearby 
cities for which data v^as avaUa'olt' were investigated. Cities on Lake Erie 
were eliminated due to the effect -:.I the lake on weather data, This reduced 
the list of weather data locations to two, Pittsburgh, Pennsylvania, and 
Columbus, Ohio. The weather data available from Pittsburgh dates from the 
1950s; however, because of relatively high air pollution levels in Pittsburgh 
during that time, the data would not provide a good simulation of conditions 
present in New Castle. Columbus was found to be a very acceptable location 
from which to obtain weather data. This was based on the following criteria: 

• The effect of Lake Erie on Columbus weather should be similar to 
that for New Castle. 

• The affect of local air pollution should also be similar. 

• Weather data from the U. S. Army, Navy and Air Force shows that both 
ColumiDus and New Castle have the same values for 97^?% and 99% 
design ambient temperatures, 4°F and -l“P respectively. 

A Columbus weather tape for the year 19G1 was found to be a close approxima- 
tion of the normal heating season based on a calculation of yearly heating 
degree days from the weather tape data. A calculation of the annual degree 
days from the binned ambient temperature data from the 1961 Columbus weather 
tape is shown in Table 1-1. The bin data was taken from Table 1-6. The 
calculation indicates a total of 5088 degree days for 1961. This value compares 
favorably with the normal yearly total of 5211 as stated in the ASHRAE Handbook, 
1973 S^otems. 

Based on the above investigation, the Columbus weather tape for 1961 was 
selected for use in computer simulations for the New Castle site. 
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Table 1- 

1. Degree-Day Calculation - 

1961 

AMBIENT 

TEMPERATURE 

F 

TEMPERATURE 
DIFFERENCE 
65 BASE, F 

HOURS 

DEGREE -HOUPS 

-10 

75 

3 

225 

- 5 

70 

3 

210 

0 

65 

12 

780 

5 

60 

29 

1,740 

10 

55 

82 

4,510 

15 

50 

167 

8,350 

20 

45 

151 

6,795 

25 

40 

252 

10,080 

30 

35 

408 

14,280 

35 

30 

676 

20,280 

40 

25 

737 

18,425 

45 

20 

765 

15,300 

50 

15 

722 

10,830 

55 

10 

710 

7,100 

60 

5 

642 

3,210 

65 





TOTAL DEGREE-HOURS 112,115 

_ 112,115 _ 

TI^ 


TOTAL DEGREE-DAYS 


5088 




C. Solar Heating System Simulation and Optimization 

The computer simulation for the Stillwater, Minnesota, site provided signifi- 
cant data and performance trends that resulted in the elimination of several 
variables for the New Castle, PeniivSylvania, site, As a result, the following 
system components and design parameters were determined as final selections 
to be held constant for tradeoff of other variables: 

• Collector tilt angle: 50'’ (New Castle is at 41°N latitude) 

• Storage tank size: 1000 gallons 

• Effectiveness of collector loop to water loop heat exchanger: 0. 6 

• Effectiveness of space heating coil: 0.6 

• Flow rates - collector loop; 12 gpm 

- water loop: 8 gpm 

A computer simulation model for the building and the solar heating system 
at the New Castle, Pennsylvania, site was developed. This provided system 
performance data for the following: 

• Indication of the affect of collector area on yearly total solar 
contribution. 

• Tradeoff of storage tank temperature set points for heating from 
storage mode, based on total solar contribution and auxiliary 
energy consumption. 

Collector Area Selection --The effect of collector area on solar contribution 
can be seen in Figure 1. The baseline collector area of 504 square feet is 
shown. As expected, the solar contribution declines sharply for smaller 
collector areas and rises slowly for larger collector areas. A collector area 
in the range of the baseline configuration of 504 square feet was chosen as a 
reasonable compromise between architectual constraints and solar contribution. 

Storage Tank Setpoint Temperatui^e Selection --The tradeoff of storage tank 
setpoint temperature was based on yearly total auxiliary energy consumption 
by the following: 

• Operation of the hydronic solar healing system 

• Electrical input to the heat pump 

• Electrical input to the auxiliary electric heating coil 

• Electrical input to the domestic hot water heater 



Results are shown in Table 1-2 and 1-3, Table 1-2 shows the distribution of 
space heating load and domestic hot water load between solar and auxiliary 
sources as a function of storage tank setpoint temperature. Table 1-3 shows 
the effect of storage tank setpoint temperature on yearly auxiliary energy 
consumption for each subsystem and overall total. The pertinent data is 
presented in Table 1-4 comparing percent of solar contributions and total 
auxiliary energy consumption for the various storage tank setpoints. 
Inspection of the data shows that this is the oiitimum range of storage tank 
setpoint temperatures and that the variation in auxiliary energy consumption 
is only about r4thru the range. Ba.'^eo on this data, a 100®F setpoint for 
storage tank temperature was selected to provide the lowest auxiliary energy 
consumption and a total solar contribution of 53.0%. 


Table 1-2 Yearly Space Heating and DHW l,o.ad 


Supplied by Solar and Auxiliary Sour ces 


Storage 
Setpoint 
Temp. (^F) 

Space 
Hep Load 
(flBTU) 

DHW 

liOad 

(MBTU) 

Solar 
Spiu r Htg. 

Contribui ion 

DllW Total 

(MBTC) (MUTU) 

imtput from Auk. 

Ik'at Pump Electric Coil 
(M8TU)_ . (MBTU) 

Sources 

DllW 

CHBTU)_ 

100 

48. 3 

21.0 

4 

14. \ 

V) 7 

22.9 

3 0 

6.7 

95 

48.3 

21.0 

*M,2 

13.9 

37.1 

22.2 

2.9 

7.0 

1 90 

48.3 

21.0 

24.0 

13.6 

37.6 

21.4 

2.9 

7.3 


Table 1-3 Yearly Auxiliary Bnorgy Consumption 



100 

"F 

95 

Op 

90 

Op 

Mode KW/tUnle 

Hours 

KW-HHS 

Hours 

KW»HRS 

Hours 

KW-JRS 

1 Idle 0.;'j 

6894 

P2 

fiHl6 

170 

6713 

169 

2 Direct Hcatinp, l 

163 

178 

163 

178 

163 

178 

3 Htp, From Storage ,7?‘> 

566 

396 

418 

448 

71? 

516 

4 Charge Storage 

920 

575 

926 

579 

934 

584 

5 Purge /jH*) 

212 

^124 

212 

JM, 

:i2 


Total Solar Heating Systen 


1441^ 


1499 


1571 

Aux Htg. - Uo.if pump 




3047 


2953 

Aux Htg, ^ Ulecttlc Heating Coil 


Hg5 


856 ! 


838 

Total Aux Halting 


4009 


3903 


3791 

DHW Auxiliary Energy 


2060 

2151 

Total Aux. Energy Constmipt itm 

7417 

7662 

7513 
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Table 1-4, Yearly Performance Summary 


Srornfit* 
ScLpolm. 
Temp. (®F) 

% Sol nr 
Contribution 
Space Hcatlnp, 

% Sol nr 
Contribution 
DHW 

% Sol nr 
Contribution 
Total 

Tot.il Aiix 
CnerKy 
KW-HRS 

LOO 

46.5% 

68.1% 

53.0% 

" 7417 

95 

48,1% 

66.5% 

53.7% 

7462 

90 


65.0% 

54.5% 

7513 


D, Component Selection 

The component selection analysis done for the Stillwater, Minnesota, site 
is valid for the New Castle site in several areas Therefore, the following 
component selections are the same as those for Stillwater, Minnesota, site: 

• DHW preheat coil 
© Pipe insulation 

• Storage tank insulation 

• Pumps 

• The Energy Transport Module will be the same as that for the 
Stillwater, Minnesota, site, with the only difference being a different 
control panel as required for the heat pump. 

O The space heating coil will also be the same except for a different 
enclosure to match the heat pump indoor unit. 

This leaves the following component selections to be made: 

• Heat transfer fluid 

• Domestic hot water heater 

• Heat pump 

• Electric heating coil 

• Heat pump indoor unit blower performance 



Heat Transfer Fluid Seioction »“Based on the analysis clone for the Stillwater, 
,»linnesota, site, an aqueous ethylene glycol solution was selected as the heat 
transfer fluid. The ambient temperature data from the weather tape was 
binned as shown in Table l-G. This indicates that the minimum ambient 
temperatures are in the -10°F range. The freezing points of Dowtherm .SR-l 
solutions are shown in Table 1-5. This indicates that, ba.sed on a minimum 
ambient temperature of -10“F, a 4CT4 solution (minimum) i.s required. Due 
to the low cost of a system of this size, a .504 .solution has been selected for 
the collector loop to provide more than adequate protection against freezing. 

Table 1-5 Freezing Points of Aqueous Dowtherm iSll-1 Solutions 


titm 

bv Vol 

I’m nr 

20% 


30% 


33% 

0**F 

40% 

-12'^ 

A4% 

-2o"F 

50'4 

-34®F 

55% 

-•)0°F 


Domestic Hot Water Iloator - - Due to the unavailability of natural gas for the 
New Castle site, the domestic hot water will be an electric unit. Because 
electric domestic hot water heaters have a lower recovery rate a 52 -gallon 
model was selected, having a '1500-watt upper element and a 4500-watt lower 
element. This is a standard .size unit in the industry. 

Heat Pump--The heat pump unit selection for the New Castle site was based 
on the peak cooling load. Table 1-7 indicates the peak cooling load to be 
31, 400 BTU/hr, just over 2h tons. This verifie.s the need for a 2^ -ton heat 
pump. The above analysis is accepted practice in the HVAC industry and 
results in a unit that provides efficient cooling and good latent heat capacity 
in the summer, which is necessary for an energy efficient dwelling such as 
that at the New Castle, Pennsylvania, site. Healing output of the heat pump 
declines as outside ambient lempcrature falls. A.s a result, an auxiliary 
electric resistance heating coil is required to meet space heating loads at 
lower ambient temperatures. Performance of Ihe heat pump and the rest 
of the Auxiliary Enei’gy and .Space Heating Subsystem is shown on installation 
drawing SK-142102, 
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Table L-6. Ambient Temperature Bin Data 


RANGE 

JAN 

FED 

TEMP BINS 
MAR 

- HOURS when 
APR MAY 

THE 

JUN 

TEMP UN 
JUl 

PEGFl 

AUG 

IS WITHIN THE 
SEP OCT 

RANGE 

NOV 

DEC 

TOTAL 

-17.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-12.5 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

-7.5 

3 

0 

0 

0 

0 

c 

c 

C 

0 

0 

0 

0 

3 


U 

0 

0 

0 

0 

0 

0 

rt 

0 

0 

G 

1 

12 

2.5 

lA 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

29 

7.5 

53 

6 

0 

0 

0 

c 

\J 

u 

0 

0 

0 

23 

62 

12,5 

115 

5 

0 

0 

0 

0 

0 

n 

0 

0 

0 

A7 

167 

17.5 

86 

19 

0 

0 

u 

0 

i\ 

n 

0 

0 

5 

Al 

151 

22.5 

70 

65 

A 

0 

0 

0 

0 

n 

0 

0 

28 

05 

252 

*>7.5 

92 

60 

22 

16 

0 

0 

c 

0 

0 

5 

87 

126 

A06 

<2.5 

112 

150 

97 

25 

A 

0 

c 

0 

3 

7 

121 

157 

676 

^7.5 

102 

135 

99 

1A8 

28 

0 

0 

0 

A 

33 

77 

m 

737 

A2.5 

65 

59 

16A 

162 

73 

1 

c 

0 

9 

80 

60 

6A 

765 

A7.5 

15 

52 

12A 

105 

S3 

20 

0 

0 

19 

lAB 

105 

A3 

722 

52.5 

3 

59 

82 

96 

m 

5a 

16 

3 

3A 

130 

92 

20 

710 

57.5 

0 

38 

59 

61 

12u 

7 A 

18 

20 

63 

106 

73 

8 

6A2 

62.5 

0 

lA 

72 

60 

156 

96 

53 

87 

5« 

89 

19 

7 

711 

67.5 

0 

A 

17 

26 

60 

1A7 

156 

ITC 

106 

51 

ll 

0 

756 

72.5 

0 

3 

A 

12 

50 

126 

177 

176 

161 

3A 

8 

0 

759 

77.5 

0 

0 

0 

9 

3A 

9A 

137 

1 15 

09 

A3 

6 

0 

527 

02.5 

0 

0 

0 

0 

7 

'=‘0 

115 

125 

79 

8 

0 

0 

388 

07.5 

0 

0 

0 

n 

0 

A7 

5A 

A/* 

79 

0 

0 

0 

22A 

92.5 

0 

0 

0 

0 

0 

3 

IP 

0 

16 

0 

0 

0 

37 

97,5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

102.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

107.5 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


HOURS when there Wa5 ZERO TEHP 5 

HOURS WHEN THE TEMP WAS LESS THAN MIN 0 

HOURS WHEN THE TEMP WAS GREATER THAN MAX C 


RANGE TOTAL 

-17-5 0 

-12. S 3 

-7.5 3 

-2.5 12 ^ 

2.5 29 

7.5 82 

12.5 167 

17.5 151 « 

22.5 252 

27.5 AOS t 

32.5 676 ***#<»#*»*♦» 

37.5 737 

A2.5 765 T 

52.5 710 

57.5 6A2 

62.5 711 

67.5 756 *♦** ft « * IM» fMHMt -tut t * f» i» »« % 1^# It* 

72.5 759 *****^******iHt»<»****»«*i**it*i‘*i^^nt>'i‘****'tftJi*****'^<»**t 

77.5 527 **^i ft*#ft#ftftitftft** ftftft ft ft ftMm*ftftft#it« ftft ft 

82.5 388 ft**ftft*ft»ftftftftftft*ftftftftftft*ftftft 

87.5 22A *ft ft ft**ft ft ft»ft ft ftft ft 

92.5 37 ft* 

97.5 0 

102.5 0 

107.5 0 
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Electric Heating Coil — The electric heating coil is sized to satisfy iOC% of 
the design heating load. This will provide a backup source of heat in the 
event of a break down of the heat pump. Table 1-7 shows the heating load 
data for the year separated into load bins. The peak heating load was 
35, 250 BTU/hr. This resulted in selection of a Lennox electric heating coil 
with a rating of 39, 600 BTU/hr at 220V, 

Blower Performance--A irflow rate thru the heat pump indoor unit blower was 
selected at 1275 cfm. This was based on the following criteria: 

• Analysis done for the Stillwater, Minnesota, site resulted in a flow 

rate of 1000 cfm for that site. The design of the house for the New Castle 
Pennsylvania site enabled the selection of 1275 cfm as the design air- 
flow rate. This will enhance slightly the performance of the solar 
space heating coil, 

• Within recommended range for Lennox 2 1/2 ton heat pump to provide 
proper performance on both heating and cooling. 

• Blower will deliver 1275 cfm at Mcd-IIigh fan speed while providing 
at least 0,2 in W,G, external static pressure to overcome ductwork 
friction losses. 


Dui umtnt F34:n-U-102 
29 .Tune 1977 
Revised 7 July 77 


SOLAR HEATING AND C'OCMHNG DK VELOpiVl ENT PROGRAM 


\ ’ification Status 
foi' 

Orv rational Sites at 
Stii.ivi'ater, Minnesota 
and 

New Castle, Pennsylvania 


A 

Single E'u mils' Rt'sidencc 
Heating System 


Contract NAS9-32093 


Honeyv/ell fnc. 

I'lnergy Ri'sourcos C enter 
2600 Ridgway Parkwav 
Minneapolis, Minnesota 15412 



Approved by: 







Prepared by: 


2. 0 VERIPIOATION STATUS SUMMARY SINGLE FAMILY HEATING 


A. General 

Heating system design and development verification is the process of proving 
that the components and the system meet applicable physical and functional 
requirements as set forth in the Interim Performance Criteria (ref. Section II 
of the contract Statement of Work) and the System Performance Specification, 


This document summarizes the present status of verification for a single 
family heating system. 

Attached to this summary report are verification matrices for each of the 
functional subsystems in the heating system. Each matrix relates applicable 
subsystem and system performance requirements (interim criteria) to select 
verification methods. Each Interim performance criteria paragraph in the 
matrix has been, or is to be, verified by similarity, analysis, test or inspec- 
tion. In the development and qualification phases, all verification is by simi- 
larity, analysis, test or inspection. In the development and qualification 
phases, all verification is by similarity, analysis or test. In the acceptance 
phase all verification is by inspection or test. 


B. Matrices 

On the attached matrices the method of verification is indicated by the follow- 
ing code: 


1, = similarity 

2, = analysis 

3, = inspection 

4, = test 

The present status of each verification item is indicated by a code as follows: 


C = complete 
I = incomplete 


".no 


ATTACHMENT 


^ISl: 

I ITEM (MAME 6 l-AHT NO.I VERIFICATIOM CROSS wRqi 2 21 l 
I Collector Subsystem REFERENCE MATR !X 


Page 1 of 5 


F VEniFICATION METHOD! 


l.^aUiliALlIX^ 


3- N/A....ii’.0J. /J 2JJSABlIL 


PERFORMANCE 

REQUIREMEfU 


VERIFICATION PHASE 


I 


i 


DlVetOmOMT liOUALII-ICATlON* ACCIfFTAK'CI i 


REMARKS 


IPC 1.3.1 
1 Efficiency 

4-C 

1-C 

3, 4 
-I 

^ 

■: 

j 

* 

, IPC 2.1.2 

! Noise or Erosion-Co: 
' rosion An~lysize 

Fluid Velocity 
• 

1 

o 

2-C 

3-T 

i 

f IPC 2.1.3 
! Operating Conditions 
‘ (P & T) Check Agains 
1 ASHRAE Code 

2-C 

2-C 

3-1 

1 

! IPC 2.U4 
Fluid Flow in Collec- 
tors Check Manifold- 
ing. 

2-C 

2-C 

3-1 

1 

1 IPC 2.2.5 
Thermal Changes 
Check Thermal 
Stresses 

2-C 

2-C 

1 

3-1 


IPC 3.1.1 

Applicable Standards 
HUD MPS & ANSI 
Structural STDS 

2-C 

2-C 

j 3-1 


IPC s'*. 2.1 

Ultimate Load Com- 
binations Stress Anal 
ysis 

I 

o 

2-C 

3-1 


IPC 3.2.2 

Ice Loads Stress 

Analysis 

2-C 

2-C 

3-1 

' 
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PFOlsTno 


ITEM (NAME & PART NO.) 
Collector Subsystem 


VERIFICATION METHOD! 


VERIFICATION CROSS 
REFERENCE MATRIX 


IBiififcfliigni 


Pagi! 2 of 5 


WBS 1.2. 2.1.1 




2 , AMA! VT 


PERFORMANCE ^ 

VERIFICATION PHASE 

REQUIREMENT 

• 

OCVELO^MaMT i! OUALIFICATtON < 

ACCfffTAWCt 

IPC 3.3.1 

Resistance to Damage 
Service Life Analysis 

2-1 

i 

2-1 

3-1 

IPC 3.3.2 

Glasing Design MPS 
& ANSI A119 . 1 
Compliance 

2-C 

2-C 

3-1 

IPC 3.4.1 
Deflection Li Tiita-" 
tions 

2-C 

2-C 

3-1 

; 

IPC 3.8.1 

Foundation Settlemen 

2-1 

1— 1 
1 

3-[ 

IPC 3.9.1 
Design Provisions 
Effects of Ponding 

2-C 

2-C 

3-1 

IPC 5.1.4 
Dirt Retention 

1-C 

1-C 

3-1 

IPC 5.1.5 
Abrasive Wear 

1-C 

1-C 

3-1 

IPC 5.1.6 
Fluttering by Wind 

1-C 

1-C 

3-1 

IPC 5.2.3 
Thermal Cycling 
Stresses 

1-C 

1-C 

3-1 

1 

IPC 5.2.4 
Leakage 

j 

1-C 

1-C 

1 

3-1 

IPC5.2.5 
Deterioration of 
Gaskets and Seals 

1-C 

1-C 

... 

3-1 


REMARKS 







pfpi-r/08_ 

i’ ITEM (NAME Ci PART NO.) 
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rvM.CMrwc«r«n. ,w., VERIFJCATIOM CROSS WBS 1 . 2 . 2 .UI 

Collector Subsystem REFERENCE MATRIX 


VERIFICATION METHOD: ~ ! 


n&iKwilHaw 


PERFORMANCE ! 

VERIFICATION PHASE 

REQUIREMENT | 

} OeVCLOPMUrfr rtOUALIFICATiON* 

1 

i ACCJfTANC* 

IPC 5.3.1 

Metals /Transfer Flui 
Compat ability 

i l-C 


3-1 

IPC 5.3.2 

Corrosion of Dissimi- 
lar Metals 

2-C 

2-C’ 

3-1 

IPC 5 . 3 . 3 

Corrosion by Leach- 
able Substances 

2-C 

l-C 

3-1 

i 

IPC 5 . 3 . 4 

Effects of Decompos- 
ition Products 

2-C 

l-C 

3-1 

IPC 11.2,1 

Chemical Corrosion 
Effect on Building 

2-1 

l-I 

3-1 

IPC 11.2.2 
Heat and Moisture 
Effect on Building 

2-1 

j o^T 1 

i 

3-1 

i. 

IPC 11.3.1 
Material Compati- 
bility-Connectors 

2-1 

2-1 

3-1 

( 

IPC 6.1.1 

Access for Subsystem 
Maintenance 

l-C 

2-C 

3-1 

IPC 6.1.2 

Access for Subsystem 
Monitoring 

l-C 

2-C 

3-1 

IPC 6.2.1 

Install. Ins t ructions 

l-I 

2-1 * 

3-1 
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ITEM (NAME Q PART NO.) 

Collector Qual, Tests 


VERIFICATION METHOD! 


PERFORMANCE (, 
REQUIREMENT |l 


IPC 2.3.1 
Pressure Test 

IPC 3.1.2 
Service Loads 

I 

IPC 3.7.1 

Hail Size and Loading 

f 

IPC 5.1.1 
Solar Degradation 

IPC 5.1.3 

Airborne Pollutants 
IPC 5.2.1 

Thermal Degradation 
IPC 5.2.6 

Transmission Losses 
Due to Out Gassing 


VERIFICATION CROSS 
REFERENCE MATRIX 


■ rom a wiM 


VERIFICATION PHASE 


DfVBLOWBMT xQUAUflCATIONi' ACCS>*TAMCi < 


Pace 5 of 5 


WBS 1.2. 3. 1 




REMARKS 



2-C 

4-C 

2-C 

4-(’ 

2-C 

4-C 

2-(’ 

4-C 

2-C 

4-C 

CO 

1 

O 

} 4-C 

1 

2-C 1 

I 

o 


'S' All inspeqtions will 
lie on components, 
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LTEM mm& PART NO.) 
Storage Subsystem 


VERIFICATION METHOD: 


PERFORMANCE 

REQUIREMENT 


VERIFICATION CROSS WBSi.2.2.1.2 
REFERENCE MATRIX 






2.JL: 


VERIFICATION PHASE { 

I - i .1 i.< n I... I— . 0 

* I 

DlV«LOWB>fT (iOUALI»=ICATION* ACCZrrANCI * 


IPC 1.4.1 

Storage Capacity & 
Rate 

2-C’ 

1-C 

3-T 

IPC 1.5.1 
Heat Loss 

2-C’ 

1-C 

j 3-1 

IPC 2.1.3 

Qperating Conditions 

2-C’ 

1-C 

•'-I 

r 

IPC2.1.6 

Thermal Expansion 

2=C 

1-C 

3-1 

IPC 2.2.4 
Vacuum Relief 

1-C 

1-C 

9 

1 

IPC 2.2.5 
Thermal Changes 

1-C 

1-C 

3-1 j 

IPC 2.2.6 
Flexible Joints 

1-C‘ 

1-C 

j 

3-1 

IPC 2.3.1 

Pressure/Leak Test 

1-C 

1 

1-C 

3-1 

IPC 2.6.3 
Fluid Treatment 

1-C 

1-C 

3-1 

r 

IPC 2.8.1 

Relief Valves & Vents 

1-C^ 

1-C’ 

3-1 

IPC 4.1.1 
Plumbing Codes ^ 
Standards 

]-( 

1-C 

3-r 

IPC 4.3.1 
Fire Standards 

1-C 

l-C 

,L^. ■■ ■ ^ 

IJ- I 


REMARKS 
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ntM (NAME & PART NO,) 
Storage Subsystem 


VERlflCATION CROSS 
REFERENCE MATRIX 


VERIFICATION METHOD! ^ 77,.^, 


rage 2 of 2 


WHS 1.2. 2. 1.2 


ro n aMi tw ai 


PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


DtVBLOrMBNT < QUALIFICATION w ACCSrTAMCI * 


REMARKS 


IPC 4.7.1 
Heat Protection 

l-C 

1-C 

IPC 6,1.1 

Access for Mainten- 
ance 

1-C' 

1-C 

IPC 6.1.2 

Access for Monitor- 
ing 

l-C 

1-C' 

IPC 6.1.3 
Draining & Filling 

1-C’ 

1-C 

IPC 6.1.4 
Flushing of Liquids 

1-C 

1-C 

IPC 6. 2.1 

Install. Instructions 

l-C’ 

2-C' 

IPC 6.2.2 

Operation Instructions 

1-C 

?:>‘C 

IPC 6.2.3 
Maintenance Plan 

l-C' 

2-C 

IPC 6.2.4 
Replacement Parts 

1-C 

2-C’ 

IPC 6.3.1 

Ease of Maintenance 

! 

1-C 

j 

2-C' 

il— . — 






VERIFICATION METHOD; 


PERFORMANCi: 

REQUIREMENT 


VERIFICATION PHASE | 

— ■ , . ri ■■ <■ - 

DlVtUOrwaWT <OUAUflCATION<I ACCSFTAKCI i 


IPC l.Ll 

Heating Design Tempf 

1 

. l-C 

l-C 

3-1 

IPC 2.1.1 

Equip, Capabilities 

4-C 

•i-C 

3-1 

IPC 2.2.5 
Thermal Changes 

1“C 

l*C 

l-I 

IPC 2.2.6 
Flexible Joints 

1-C 

l-C 

1 

i 

1 .%I 

1 

IPC 2.3.1 

Pres.sure Test 
• 


l-C 

1 

i 

.3-1 

IPC 2.6.1 
Liquid Quality 

1-C 

! , 
1-C 

.3-1 

IPC 2.6.3 
Fluid Treatment 

1-C 

1-C 

.3-1 

IPC 2.6.4 

P'reezing Protection 

1-C 

l-C 

.3-1 

IPC 2.7.1 

Appl. Plumbing St ds 

1 - c 

1-C 

1 

3-1 

IPC 4,1.1 
Plumbing Codes ^ 
Stds 

1=C 

1-C 

\ 

( 

T 

IPC 4,1,2 

Elect, Codes & Stds 

1- c 

1-C 

t * 

IPC 5,2.4 
Leakage 

1-C 

l-C 

3-1 

ffSl‘?7?'rans. Fluid C 

n’ p 1-C 

1 

1-C ' 

1 3-1 








IPC 6.2.1 
Inst, Instr, 

IPC 6. 2,2 
M/D Manual 

IP(! 6. 2,3 
Maintenance Plan 

IPC 6.2.4 
lleplacenient Parts 



IPC 6.3.1 
Maintenance of ll 
Systems 
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. .. .. .-..■H.r.- w.. ... . pi, 
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ITEM iNAMR 6 PART NO.) VERl'lCATIOM CROSS 

Auxiliary Energy Subsystem j ^ WBS 1 . 2 , 2 . l . 4 


ww n aarM 

m 


VERIFICATION METHOD: 3 


VERIFICATION PHASE 


DtVILOPMBMT I QUALIFICATION I /XCCTTAWCI 


PERFORMANCE 

REQUIREMENT 




REMARKS 


IPC 1.8.1 
Design Loads 

IPC a l.l 

Equipment Capabili- 
ties 


f 
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j ITEM (MAME G PART NO,) 

I Hot Water Subsystem 

I ■■ ^ 

j Vr.: *F|CATION METHOD: 


VERlFiCA'] SO, \' CROSS 
REPr.lEr'iCEiYiATRIX 


WPS 1.2. 2.1, 5 


l.-JL-iiaaiX. 




f-fPrORMANCE 


V- RIFICATKm.; 'SF j 

I »»»»■■■— him i— i*iM 

> •• ' .rM:.MT .(QUAUFICAV /U’r.TTA*«C 5 < 


REMARKS 


I 

i 




V ,'*M \ r'Or:i,;li J •’i.'i ^ 


i 

i 


I . M 



1 1 H * L 

' t t 'I 

. I ); > *1 A 

} ^ »i . r sUo*: '■ . » 

L.-.. 


!! 


f : ^ I , I 


'I It i(i nr nurjittK'i 


S i r-vr;|>'f I'li'ir ■•l ss 5 

) 

\ 'i'< ). V.4 i 

j llol Water Pomp. i 

] < 

I 

MF'. i.a.i I 

Ijoa'b'i » 

Ha< kup) 

i 

I PC 2.1.2 

'! o is c - E ros ion C o r r < > - 
' sion 


IPC 2.1.3 

Operatinf^ Condilioris 
IPC 2,1, 6 

Thermal Expansion of 
I'Twids 

I IPC 2,1, 7 

i Pressure Drops 
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POOR QUAT.n^_ 
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ITEffl (fMME & PART NO.) 

Hot Water Subsystem 


VERIFICATIOM CROSS 
REFERENCE MATRIX 


WBSl.2.2.1.5 


VERIFICATION METHOD: 


PERFORMANCE 

REQUIREMENT 

IPC 2.2.1 
•Vibration Stress 
Levels 

IPC 2.2.3 
Water Hammer 


4.XJ1; 


nnT ^‘>pucA‘ 


VERIFICATION PHASE 


OlVeLOWBHT (i QUALIFICATION* ACCSfTAMCf S 


REMARKS 


IPC 2.3.1 

pressure Test: Non- 1-C 
potable Fluids 

IPC 2.3.2 

Pressure Test: 1-C 

Potable 

IPC 2.5.1 

Shutdown irt Multi- 1~C 

Family Housing 

IPC 2.6.1 

Liquid Quality 1-C 

IPC 2. 8.1 

Relief Valves & Vents 1-C 

IPC 4.2.1 

System Failure 1-C 

Prevention 

IPC 4.2.2 

Auto, Pres. Relief 1-C 

Valves 

IPC 4. 6.1 

Contamination by 1-C 

Materials 
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ITEM (NAME & PART NO.) 
Hot Water Subsystem 


VERIFICATION METHOD: 


PERFORMANCE 

REQUIREMENT 


IPC 6.1.3 

Draining & Filling of 
Liquids 

IPC 6.1,4 
Flushing of Liquid 
System 

IPC 6.1.6 

Potable Water Shut^ 
off 

IPC 6.2.1 

Install'. Instructions 

IPC 6.2.2 
Oper. Instructions 

IPC 6,2, 3 
Maint, Plan 


VERIFICATION CROSS 
REFERENCE MATRIX 


Mwa ig wtiv 




WBS 1.2, 2.1, 5 




2. A;,lAI 


VERIFICATION PHASE 


DtVILOF^BNT liOUALIFICATtOM" /JSCSrr^HCt. * 


REMARKS 



IPC 6,2, 4 
Replacement Parts 

IPC 6,3.2 
Maint, of DHW 
System 





iTEf.i(MAM6e,fAnTN0.) VERIFICATIOM CROSS 

Energy Transport Subsystem f^£pcf^£|'^Q£ iMATR IX 1. 2. 2.1. 6 


VERIFICATION METHOD: 


mmmm 

mvi 


3.JL‘ AliOIii-- 


BT fMamnwn 


PERFORtMNCE 

REQUIREMENT 


IPC 1.1.5 

Operational Impair- 
ment (H, H, C) 

IPC 1.2.4 

Operational Impair- 
ment (DHW) 

IPC 1.5,1 
rteat or Humidity 
Transfer Effects 

IPC 1.6.1 

Thermal Losses & 
Electrical Power 

IPC 2.1.1 

Equip. Capabilities 

IPC 2,1,2 
Noise or Erosion 
Corrosion 

IPC 2.1. 6 

Thermal Expansion 
of Fluids 

IPC 2.1.7 
Pressure Drops 

IPC 2.1.3 

Operating Conditions 

IPC 2.1. 5 
Entrapped Air 

IPC 2. 2,1 
Vibrating Stress 


VERIFICATION PHASE 


0«VBL0W^BMT It QUALIFICATION /XCJFTANCB if 


It 

1-C 

3-1 1 

1-C 

3-1 

1-C 

3-1 

2-C 

3-1 1 

2-C 

3-1 

2-C 

3-T 

2-C 

1 

3-1 ■ 

2-C 

3-1 I 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 
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ITEM (NAME 6 PART NO.I VERIFICATION CROSS WUQ, , , . « 

Energy Transport REFERENCE MATRIX WBSl.2.2,1.6 


1. ' ir'lLA-TlTY 

VERIFICATION METHOD: 


3.JI1, N/A,...»oT.;^iyuSfr]iSL 

*. T -"T , 


PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


OfVeuorMBWT il QUALIFICATION ‘ ACCmANCt 5 


1 IPC 2,2.3 
Water Hammer 

1-C 

1-C 

3-1 

IPC 2,2,4 
Vacuum Relief 
Protection 

1-C 

1-C 

3-[ 

IPC 2,2.5 
Tjhermal Changes 

1-C 

1-C 

3-1 

IPC 2,2. 6 
Flexible Joints 

1-C 

1-C 

3-1 

IPC 2,2. 2 
Vibration from 
Moving Parts 

1-C 

1-C 

3-1 

IPC 2,3,1 

Pre'ssure Test Non- 
potable Fluids 

1-C 

1-C 

3-1 

IPC 2,6,1 
Liquid Quality 

1-C 

1-C 

3-1 

IPC 2.6.3 
Fluid Treatment 

1-C 

1-C 

3-1 

IPC 2. 6,4 

Freezing Protection 

1-C 

1-C 

3-1 

IPC 2,7.1 

Applicable Plumbing 
Standards 

2-C ' 

2-C 

3-1 

IPC 2,8,1 

Relief Valves & Vents 

1-C 

1-C 

3- 1 

IPC 3 5 1 
Uesieh Provisions 

i 

2-C 

2-C 

I 


REMARKS 


1-29 
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proi'ffJOe 


(«A«E a PART NO., VERIFICATION CROSS 

Energy Transport Sub- ^ REFEREN'CE M4TR IX 


VERIFICATION METHOD: 


PERFORrMNCE 

REQUIREMENT 


WBS 1.2. 2.1. 6 


nrAiJsjiimii 


VERIFICATION PHASE 


OeVeLOPMBMT H QUALIFICATION « ACCfflTAMCt '•i 


IPC 4.1.1 
Plumbing Codes & 
Standards 

1-C 

1 

1-C 

3-1 

IPC 4.2.2 

Automatic Pressure 
Relief Valves 

1-C 

1-C 

3-1 

I^C 4.3.1 
Applicable Fire 
Standards 

1-C 

1-C 

I 3-1 

IPC 4.3.2 
Penetrations Thru 
Fire-Related 
Assemblies 

1-C 

1-C 

3-1 I 

IPC 4.4.1 
Provision of Catch 
Basins 

1-C 

1-C 

3-1 

IPC 4.4.2 
Detection of Toxic 
& Flammable Fluids 

1-C 

! 

1-C 

3-1 

IPC 4.5.1 

Emergency Egress & 
Access 

1-C 

1-C 

3-1 

IPC 4.5.2 
Identifications and 
Locat: a of Controls 

1-C 

1-C 

3-T 

1 

IPC 4.6.1 
Contamination by 
Materials 

1-C 

1-C 

3-1 






ITEM (MAME (5. 1»ART FvO.) VERIFICATION CROSS 

Energy Tr ansport REFERENCE MATRIX 


VERIFICATION METHOD; 


PERFORMANCE 

REQUIREMENT 


v mmm 


1 . 


Olf J?OOR QUALITY 
Pafffe 4 of 6 


WBS 1.2. 2. 1.6 


•FisoinfFisni 


VERIFICATION PHASE 


D«VeLO«.40WT dOUAUFICATION* ACCSTTAMCf 'i 



IPC 4,6.2 
Separation of 
Circulation Loops 

1-C 

1-C 

3-1 j 

IPC 4.6.3 

Backflow Prevention 

l-C 

1-C 

3-1 

IPC 4.7.1 
P,rotection from 
Heated Components 

1-C 

1-C 

3-1 

IPC 5.1.2 
Soil Corrosion 

1-C 

1-C 

i 

3-1 1 

I' 

IPC 5.1.3 

Airborne Pollutants 

1-C 

1-C 

I 

3-1 j 

IPC 5.2,1 

Thermal Degradation 

1-C 

1-C 

3-1 1 

IPC 5,2,2 

Deterioration of Heat 
Transfer. Fluids 

1-C 

1-C ; 

3-1 

j 

IPC 5.2.3 
Thermal Cycling 
Stresses 

1-C 

1-C 

j 

:i-T 

IPC 5.2.4 
Leakage 

1-C 

1-C 

3-1 

IPC 5,2.5 
Deterioration of 
Gaskets and Sealants 

1-C 

1-C 

3-1 

IPC 5.3,1 

Materials /Transfer 
Fluid Compatibility 

1-C 

1-C 

3-T 

. 


REMARKS 
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ITEM (NAME & PART NO.) 
Control Subsystem 


VERIFICATION METHOD; 


PERFORtMNCE 

REQUIREMENT 


IPC 1.7.1 
Installation and 
Maintenance 

IPC 1. 7.2 
Manual Adjustment 

IPC 1.7.3 

Ihhabited Space Tern 
Control 

IPC 1.7,4 

Hot Water Temp. 

IPr 2.2,5 
T-iCfrrr al Changes 


'■‘hxjtduVM Multi Unit 


IPC 3.5.1 
Design Provisions 

IPC 4.1.2 
Electrical Codes 

IPC 4.2,1 
System Failure 
Prevention 

IPC 4.3.1 
Applicable Fire 
Standards 

IPC 4.3.2 
Penetrations - Fire 
Rated Assemblies 


VERinCAT'OMCPO 
REFERENCE 1 1 ATRT 


Page I of 3 
WBS 1.2. 2.1. 7 


1 JJLiL 


VERIFICATION PHAaE 


OfVBLOnHiMT liOUAUI'ICAT.ON* ACCIFTAMCI S 


2,4 

i 

2-C 

3-1 

-C 



2,4 

2-C 

3-1 

-C 



2,4 

2-C 

3-1 

-C 


1 

2,4 

2-C 

3-1 

-c 



1-C 

2-C 

3-1 

1-C 

2-C 

1 

3-1 ' 

1-C 

9 _ C' I 

“ i 

n-i 

1 

1-C 

2-C 

3-T ; 

4-C 

2-C 

3-1 

2-C 

2-C 

3-1 

2-C 

2-C 

3-1 

1 


REMARKO 


1-34 
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ITEM (NAME & PART NO.) 
Control Subsystem 


VERIFICATION METHODS 


VERIFICATIO?'^ CROSS 
REFERENCE MATRIX 


2. I 


VERIFICATION PHASE 


WBS I, 2. 2. 1.7 




PERFORMANCE \ ' 

REQUIREMENT j oiviLi«4owr [iouAUFicATtoN^ AcccrrAMOt s 


IPC 4.5.2 
Ident, and Location 

2-C 

2-C 

3-1 

IPC 4.6.1 
Contamination by 
Materials 

l-C 

2-C 

3-1 

IPC 5.2,1 

llhermal Degradation 

l-C 

2-C 

3*^ I 

IPC 5.2.3 
Thermal Cycling 
Stresses 

l-C 

2-C 

3-1 

IPC 5.2,5 
Deterioration of 
Gaskets and Sealants 

l-C 

2-C 

3-1 

IPC 5.3.1 

Materials /Transfer 
Fluid Compatibility 

l-C 

2-C 

1 

1 

3-r j 

IPC 5.3,2 
Corrosion of Dis- 
similar Materials 

l-C 

2-C 

3-1 

IPC 5.4.1 
Wear and Fatigue 

l-C 

2-C 

3-r 

IPC 6.1 ,l 
Access for Maint, 

l-C 

2-C 


IPC 6,2,1 

Install. Instructions 

l-C 

2-C 

0 T 
»J-1 

IPC 6.2,2 

Maintenance and 
Operation Instructions 

l-C 

2-C 

A . 

3-1 I 


REMARKS 
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IPC 6.2.3 j j 

Maintenance Plan 1-C’ 2-C* j H-r 


IPC 6.2.4 

Replacement Parts l-C’ 2-C’ 3-1 

IPC 6.3.1 l-(’ 3^1 

Servicing II & IIC 

IPC 6.3.2 

Serviv.ing HW 1=C’ , 1?«C‘ 3-1 
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ITEM (MAME Ci PART NO.) 

System Development and 
Verification 


VERIFICATION METHOD: 


VERIFICATIOM CROSS 
REFERENCE MATRIX 




PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


DfVeLO^MBWTii QUALIFICATION* ACCSFTAWCt 


REMARK8 


IPC 1.1.1 

Heating Design Temp. 

IPC 1.1.3 

RH & Water Vapor 

Pressure 

IPC 1.1.4 

Solar Contribution 
IPC 1,1.5 

Operation Impairment 
IPC 1.2.1 

Draw & Temperature 
Design 0/P (HW) 

IPC 1.2.3 

Solar contribution 

IPC 1.5.1 
Heat or Humidity 
Transfer Effects 

IPC 1.8.1 
Design Heat Loads 
(Aux. ) 

IPC 2.3.3 

Air Transport Systems 

IPC 2.4.2 
Mutual Shadowing 

IPC 2.6.2 
Air Quality 


IPC 3.2.3 
Vehicular Loads 











ITEM (NAME & PART NO.) 
System Development and 
verification 


VERIFICATION CROSS 
REFERENCE MATRIX 


VERIFICATION METHOD; 


ORIGINAL page 
OF 

Page 2 of 2 






PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


DlV«l.O«(»BMT ■(( QUALIFICATION* /XCtfTAMCI « 


REMARKS 


IPC 3.5.1 
Design Provisions 

N/A 

N/A 

3 

IPC 3. 6. 1 

Deflection Limitations 

N/A 

N/A 

3 

IPC 3.8.2 

Foundation Settlement 

N/A 

N/A 

3 

IPC 4.3.2 
Penetrations 

N/A 

N/A 

3 

IPC 4.5.1 

Emergency Egress & 
Access 

N/A 

N/A 

3 

IPC 6.1.5 
Filters 

N/A 

N/A 

3 

IPC 7.1 
Design 

N/A 

N/A 

3 

IPC 8.1 

Interference with 
Mech. Operation 

N/A 

N/A 

i 

3 

IPC 9.1 

Structural Integrity 

N/A 

N/A 

3 

IPC 10.1 
Safety 

N/A 

N/A 

3 

IPC 11. 1 

Durability and Relia- 
bility 

N/A 

N/A 

3 i 

1 

1 

i 

IPC 12.1 
Maintainability 

1 

N/A 

N/A 

3 1 




3. 0 DRAWINGS AND HONEYWELL/GOVERNMENT FURNISHED EQUIPMENT 
LIST 

Installation drawings of all single family heating subsystems are included in 
appendices A through K. Appendix A is entitled System Integration and serves 
as a top drawing for the subsystem designed by Honeywell, it lists the require- 
ments for integration of the subsystems into the site and dwelling. 

The installation drawings included in appendices A through K delineate the 
material needed to install the Solar Heating System. Only part of the material 
shown on these drawings will be furnished by Honeywell for NASA. 

To assist the architect in preparation of the request for bids, the list of 
Honeywell/Government furnished equipment was compiled. This list is shown 
in the following table. 
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Aquastat L6008C1065 Hone^^Avell 

Aquastat L4008B1013 Honeywell 

Thermostat T872C1004 Honeywell 

Sub Base Q672B1004 Honeywell 

Valve V4331A1003 Honeywell 
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Specification No. SFRH-I 
Page Date B February, 1976 
Page ^ of ^ 

Revised 30 .June, 1977 
Revised 3 August, 1977 


SYSTEM INDENT IFICATION 

This Appendix defines the pei’formance and installation drawings for 
Residential Heating System, Honeywell Inc. , System Model Number 
SFR-756H-2. 


SYSTEM PERFORIVIANCE SHEETS 


Site - 

The system shall be installed in a residence in the city of New Castle, in 
the county of Lawrence, state of Pennsylvania, 

Heating Capacity - 

U’he system will provide ,‘volar gnergy for 46. 5%, of the average total heating 
load! during the heating season* based on an average total heating load of 
4. 0 X 10° BTU/Month° and a peak heating load of 35, 250 DTU/Hour on 
January 25, 1961 (-12“F). 

Auxiliary Energy - 

The average rate of auxiliary energy input used for heating shall be no 
greater than 2.6 % 106 BTU/Month of the total energy required for heating, 
including hot water. This shall be no greater than 4% of the total energy 
required for heating. ° 


Footnotes: 

1. Yearly heating (or cooling) load minus auxiliary supplied for heating 
(or cooling) divided by the yearly total heating (or cooling) load. 

2. Based on the number of months that have a heating (or cooling) load. 

3. Total yearly heating (or cooling) load divided by the number of months 
that have a heating (or cooling) load. 

4. Average monthly auxiliary energy is the total auxiliary for heating and 
hot water (or cooling) divided by the number of months that have auxiliary 
for heating and hot water (or cooling), 

5. Average monthly auxiliary energy divided by total yearly load for heating 
and hot water (or cooling). 


SYSTEM PERFORMANCE SPECE^ICATION 


Specification Wo. SFRH-1 
Page Date 6 February 1976 
Page_^ of ^ 

Revised 30 June 1977 
Revised 3 August l0?7 


Hot Water - 

52 gallons of potable (or usable) hot water shall be delivered at no less than 
3 gal/min at temperatures no less than 140°F. Recovery time shall be no . 
greater than 1.3 hours, The average hot water heating load will be 1.8 x 10° 
BTU/Month of which 32 % is provided by auxiliary energy. 

Operating Requirements - 

The maximum electrical energy required to drive only the solar portion of 
the system at its rated capacity shall be no greater than . 63 KW. The maxi- 
mum electrical energy required to drive the complete system shall be no 
greater than 1. 1 KW. The average yearly electrical energy, including auxil- 
iary energy, required to drive the system shall be no greater than 7420 KWH, 

Physical Data - Table III 

The following subsystems shall have; 



Expected life no 
lesH than: 

Weight (filled) no 
greater than: 

Installation 

dimensions: 

Iloatlng 

10 yr3. 

34 lbs. 

28" X 21" X H" 

Cooling 

NA 

NA 

NA 

Auxiliary Energy 




- Heat Pump Indoor Unit 

10 yrs. 

214 lbs. 

28" X 21" X 53 1/2'! 

- Heat Pump Outdoor Unit 

10 yrs, 

320 lbs. 

48 1/8" X 21 3/8" X 30 1/2’ 

Storage 

10 yrs. 

U500 lbs. 

64" xla. X 72 " long 

Potable Water Preheat 

10 yrs. 

40 lbs. 

7 3/4" dia. X 30" long 

Potable Water 

10 y rs. 

bbO lbs 

18" dia. X 58 9/16" high 

Collector 

10 yrs. 

0. 0 Ibs/ft^ 

3' X 6' X 6 l/2"ea. 

Energy Transport 

10 yrs. 

TBD 

NA 

Controls 

10 yrs, 

THD 

NA 


SYSTEM PERFORMANCE SPECIFICATIOK 


Specification No. SFRH-l 
I^age Date G February 1976 
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Rovisod 30 June 1977 
Rovitied 3 August 1077 


INSTALLATION DRAWING SHEETS 

SK-142106 SINGLE FAMILY RESIDENCE 

SYSTEM INTEGRATION 


SK -142101 
SK -142 050 
SK -142102 

SK -142 052 
SK-142053 
SK -142105 
SK -142 104 


SUBSYSTEM DRAWING SCHEDULE 

Collector Subsystem 

Storage Subsystem 

Auxiliary Energy and Space 
Heating Subsystems 

Hot Water Subsystem 

Energy Transport Subsystem 

Control Subsystem 

Site Data Aquisition Subsystem 

Electrical Subsystem 


SK -142103 


Specification No, SFRH-l 
Page Date 6 February 1976 
Page 4 of 4 
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Revised 3 August 1977 


Performance Analysis Summary for the residence in the city of Ni; . ,‘astle, 
in the county of Lawrence, state of Pennsylvania. 


Load (10® Btu) 

Month Heating Hot Water 


0 

Auxiliary Energy Input (10 Btu) 

Heat Pump Elec. Coil Hot Water Heater 
Input Input Input 


1 

10.4 

2.0 

2.4 

1. 8 

1. 1 

2 

6.8 

1.8 

2.1 

0.2 

1. 1 

3 

4,8 

2.0 

0.7 

0. 0 

0. 9 

4 

4.5 

1. 9 

0.7 

0. 0 

0. 9 

5 

2.3 

1.8 

0. 0 

0. 0 

0. 3 

6 

0.7 

1. 6 

0.0 

0. 0 

0. 0 

7 

0.2 

1.5 

0. 0 

0. 0 

0. 0 

8 

0. 1 

1. 6 

0. 0 

0. 0 

0. 0 

9 

0.5 

1. 5 

0. 0 

0. 0 

0. 0 

10 

2.7 

1.6 

0. 0 

0. 0 

0.2 

11 

5.4 

1.7 

1.3 

0. 0 

0.9 

12 

9.9 

2. 0 

3.5 

1. 0 

1. 3 

TOTAL 

48.2 

21. 0 

10. 7 

3. 0 

6,7 
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SPECIAL HANDLING INSTALLATION AND MAINTENANCE TOOL LIST 


1.0 ANALYSIS 

An analysis of subsystem installations was conducted to determine if special 
handling or installation tools are required for a single family solar heating 
system. 

A tool or piece of equipment is assumed to be special if a typical HVAC con- 
tractor does not have the tool or equipment or that he cannot obtain an infre- 
quently used tool or equipment through local hire. To assure complete 
analysis, the matrix presented in Figure 3-1 was used. Those blocks marked 
in the matrix with a note represent items deemed unusual or questionable as 
to their status as standard equipment, each item has been investigated in more 
detail. The results of this further investigation and the availability of tools 
or equipment is presented in the notes following the matrix. 


2.0 CONCLUSIONS 

The conclusion of this analysis is that there are no special purpose tools or 
equipment required in a single family solar heating system. All tools or 
equipment required would be possessed by a typical HVAC contractor or be 
available through local hire. 


TITLE 



COLLECTOR SUBSYSTEM 

NOTE 1 

N/A 

N/A 

NOTE 2 

NOTE 3 

NOTE 4 


ENERGY STOIUGE 

NOTE 1 

N/A 

N/A 

N/A 

N/A 

N/A 


SPACE HEATJNG 

N/A 

N/A 

K/A 

N/A 

N/A 

N/A 


auxilur^jt energy subsystem 

NOTE 5 

N/A 

NOTE G 

N/A 

N/A 

N/A 


HOT WATER SUBSYSTEM 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 


j ENERGY TRANSPORT SUBSYSTEM 

N/A 

N/A 

N/A 

! N/A 

1 N/A 

! n/a 


! CONTROLS SUBSYSTEM 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 


1 ELECTRICAL SUBSYSTEM 

N/A 

N/A 

N/A 

N/A 

N/A 

N/.4 


: INTEGRATION HARDWARE 

1 

N/A 

N/A 

N/A 

i N/A 

N/A 

N/A 



Figure 3-1, Tool Analysis 


3-2 


3.0 NOTES 


Note 1: 

Collector and storage tank installation will require a crane or lift truck. 

This is available for local hire in any location. 

Note 2: 

Pressure testing will require an air compressor, which is either in the 
inventory of an HVAC contractor or is available on a daily rental basis. 

Note 3: 

Fluid installation in the collector loop will require a positive displacement 
pump and fittings. This is standard HVAC equipment used for filling hydronic 
heating systems. 

Note 4: 

Measurements made during system balancing will require pressure gauges 
and differential pressure gauges. These gauges are the same as those used 
for hydronic heating system balancing and should be in the possession of a 
typical HVAC contractor. 

Note 5: 

Placing of the heat pump outdoor unit will require a crane of lift truck. This 
is available for local hire in any location. 

Note 6: 

Installation of the heat pump system will require special tools normally 
required for such installations. These tools would be owned by a typical 
HVAC contractor. 


SECTION 4 


Document F3437-M-106 
3 August 1977 


SOLAR HEATING AND COOLING DEVELOPMENT PROGRAM 


Spare Parts List 
for 

Operational Site at 
New Castle, Pennsylvania 


Single Family Residence 
Heating Systexn 


Honeywell Inc. 

Energy Resources Center 
2600 Ridgway Parkway 
Minneapolis, Minnesota 55413 


Prepared By 



Approved By 


4-1 


1.0 INTRODUCTION 


This spare parts list is submitted under Data Item 16 for the Single Family 
Residential Solar Heating System being installed at the New Castle, Pennsyl- 
vania site. 


2.0 DEFINITIONS 

a) Spare parts are those repair parts NASA/MSFC n^iould procure 
and have on hand in case of subsystem/ component failure because 
the item is a ''non-standard” device or "one of a kind” device and 
repair parts would probably not be available. 

b) Replacement parts are those repair pai'ts that the component sup- 
plier could be expected to provide normally as HYAC industry 
standard practice. These replacement parts are normally available 
for all standard/ catalog items. 


3. 0 BASIS 

This spare parts list was determined utilizing a support philosophy that 
relies upon the HVAC dealer/distributor/factory to provide replacement 
parts when required. Only in those subsystems/components where it is 
not a "standard” component will replacement parts be recommended as 
spare parts. 

The screening criteria used classified all components that were passive, i.e., 
pipes, tanks, heat exchangers, coils, cabinetry, etc.. with”P”. Only 
active (A) components were reviewed to determine if the item was "standard/ 
catalog” (std) or "special” (sp). Table 4-1 lists all the solar heating compo- 
nents and their classification and type. 


4.0 RECOMMENDATIONS 

There are no items recommended as spare parts for the SFR Solar Heating 
System at New Castle, Pennsylvania. 


Table 4-i Honeywell Furnished Equipment - Spares Selection Analysis 


MM. I 1. 1 Win N i 


Sitl ,» Ml 


' C flrtllt , P ;ttnKVU.> 



I At 1 1 m:it 


StdUl telli'llol 

I.SCMUM 

I.ennox Indublriea 

Header \fjb» 

■4^ "14201.4- It 

Horn yyi H 

Heudet ihHIv 

sK-1420{.4-JH 

Hoiu well 

llciidi 1 \fi6t *i-idv 

sK-l42Q<.4-2t 

Horn V well 

Homi \hl« :nUlv 

MvM420ld. 

Horn ywell 

l/H npi ( oHidoii 

47 

AetiMuip 

1/U npi ( leipime 

n illi2>llMn.ii 

AeToqmp 

Pul fit t ouluiv 1 Itfl 

iHH\ -l-ltn 

l.ennox Inoiiaii len 


s'n> >10 


u MUWH\ 

NM) 

in;\i 


SjUll IJl'JlM.u ( ell 

CA\ il-4.1 

l.ennox tmluuli <c«s 

He.it Pump Ouldnm 1 nil 

HPI0-1II\ 

i.rnnoK Induninea 

Ili'Ut Pump Induni 1 ml 

CHPm-41 

Hi'nnox Imliintriea 

liel 1 iMi’*»»i)i l.iiie Sei 

UU-4I-J0 

Lennox Induati les 

Hli'f ii II Hi . ‘line ('oil 

I.CHIU.4IM7I 

Lennox Induxiiu^a 


IX) \l (.STIC 
llt)T >s \Ti;u 


l.m hinv»i 
Waltn lU’q 


lAIJKIV 
I HANsPOU r 



MinJulr-l.nrntv Tr ttnN|»m I 
l.iHii'il lU’low 

Piitn|t [/.) lip 
|*uii!)iH l/n hp 
lU'ijt Kxitiunpt'i 
T(tnk»LxpunMnn 
sp[»i>ml«u*A 11 

Vrni-\M 
\ alvi -Aii 
\ ulvt‘*Uinu'i 
\ ulu‘-J)ual 
\ olv( -HaliirU inj4 
\ alvi*^Halum injj 
\ Clii i k 

V ulvt’-swinu t'lu'i K 
\ ulvr-Diatn/l'Tll 
Drain’^CiHiplniu 
SlianUi-PMU'lim' 
SWlUll-LoW 
Paru-l-SnUir' CniP i nl 
Cal)im’i-l,J'\l 


M 1 K't* liU»i. 

Si‘i ii»« (*H-1 
SK-NOUM 
Modfl JO I xnoi 
Moik*l S:n 
Moili-I (i'lO 
l/H" Madialm An 
Mrtdol 4HO»3U 
V4331-AI003 
Model CTIM 1/4 
Model CIM 
Model JSA-l 1/4 
Model IWJU'i 
Model 7111-1/^ 

7m«u-i 

style S«1 1/4 

1>/N :illir>!iJl. 

Model W 'lliHA 
SK -14207^1 


lleM Mtl tJnaeetl 

Meil arid tiouarM 

llotuvweM 

A ml nil 

Anittul 

Aniliul 

llamomnd 

Hell and (.toaaetl 

lloneyvell 

Mell and tiouseif 

Hell and Ciu&Beli 

Hell and (ioafielt 

stoiKiiam 

Ilaniniond 

N du'o 

sirorti* 

Ueneral Molorc 

Honeywell 

Honeywell 


COM liOL 

1 

\qiumli>i 

L(iOOHC10i."» 

Honeywell 

A 

STH 

>10 

0 

1 

AquunLit 

L4uatmiotj 

lloncvwi'H 

A 

STD 

>10 

0 


I 

ThenimoUi! 

r(172CI004 

Honeywell 

A 

STD 

>10 

0 


1 

Sul) Haae 

Qli72H1004 

Honeywell 

P 


>10 



I 

\ulve 

V naiAimn 

Honeywell 

A 

bTD 

0 


I 

SenKOi Shodd 

SK -142007 

Honeywell 

P 


>10 



a 

.SeObOi 

C'77:UHUU"j 

Honeywell 

A 

STD 

0 



Wellh 

l22ri60H 

Honeywell 

P 





r 

Ca«e A yaeinlily 

1I2H'121< 

Honeywell 

P 





1 

Controllei *I)iH Temp 

H74I2 

Honeywell 

A 

STD 

>10 

0 


2 

Tliet loobloiM-O.ddotir 

P-U-1071J 

Lennox Indusit ipb 

A 

STD 

>10 

0 


1 

Mounlmg Hox 

M-i:jdr> 

l.ennox Induyincfi 

P 





1 

Hull) Ciiiard 

|07i2T\ 

HnnevwiH 

P 





mUTY 
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MANUAL OUTLINE 


Operation 


I. System Function 

II, ^stem Components 

(Refer to Appendices) 


Maintenance 


I. System Monitoring 

II. Periodic Maintenance Schedule 
ni. System Components 

(Refer to Appendices) 


Installation Instructions 

l. General 

II. Subsystems and Components 
(Refer to Appendices) 

m. Start-up and Check-out 
IV. Balancing 


Appendices 

Appendix A. 
Appendix B. 
Appendix C. 

Appendix D. 
Appendix E. 
Appendix F . 
Appendix G. 


Manual - Solar Collector 
Manual - Purge Cooling Unit 

Manual - Heat Pump Indoor and Outdoor Units, and Auxiliary 
Electric Heating Coil 
Specification - Space Heat Coil 
Catalog Sheet Manual - Domestic Hot Water Heater 
Manual - Energy Transport Module 

Manual - Control Panel and All Other Control Components 


APPENDIX A 
SYSTEM INTEGRATION 
DRAWING NO. SK 142106 
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SINCilvK-I AMU.V ni:sim:NTLM. III:AT1NG SVRTKM DtA^fUilin’ION 

Thi> slngU**famlly rc»sl«|pntlal hinUlng gyBlem to 8 oolar^uooietcd, 

hydronlc*to*warm air heating ouhoyotem with colrr-uDOlotcd domeDUc water 
heaiingp The oyr4em lo comtwoed of the following major compontiittis 

• liquid cooled flat plate collcctoro 

• A water otorogc tank 

• A oolar hydronic cpace heating coll 

• A paoolve oolur fired domcriUe water preheater 

• An electric hot^water heater 

• A iubc-and-ohell heat exchanger, three pumpo# and aococlatcd 
pipen and valving In an energy tranoport modulo, 

9 A control nyslern 
9 An air-cooled heat pi»rgc unit 
9 Auxiliary healing oourcea 

- Conventional electric heat pump 

- Electric resistance heating coU 

The arrangements of components within the system is as shown on sheet 2, 

The system consists of a glycol/water collector loop which interfaces with a 
water storage/hcallng loop, tlirough a tube-and-shell heat exchanger, A domestic 
hol-watcr preheat coll Is located In the storage lank. 



The glycol /water collector loop consists of the solar collectors, the shell side 
of the heat exchanger, the purge coU and pump Pj, and a control valve as 
required for the different modes of operation. 


The water storagc/hcaling loop consists of the storage tank, storage pump P 2 , 
heating pump P^, the tube side of the heat exchanger, the solar heating coil, and 
a control valve ns required for the different modes of operation. 

The system control logic is as follows; 

• Collect solar energy when available 
• Store energy under no load conditions 
- Provide energy directly to load on demand 
9 Use direct solar energy before stored energy 
9 Use stored energy when direct solar energy Is not available 
9 Use direct or stored solar energy before auxiliary energy 



The system provides 6 modes of operation; 

9 Direct heating from collectors 
9 Healing from storage 

• Storage charging 

• purging excess energy 

• Auxiliary heating 

9 Continuous domestic hot water preheating 


REVISIONS 


DESCRIPTION 


DATE I WHO V CO 


Syetcm When sotar enerRy Is avallabto und healing la required^ the 

collectors* supply heat directly to the system, l^ump Pj provides the heal transfer 
fluid movement in the collectcr loop, pump P2 cirrulales the storage/heatlng 
loop, and the heat pump (Indoor unit) blower moves the space air over the solar 
space heating coil. During periods of high solar radiation and no heating 
demand, both collector and storage loops operate slmullancouslv. with the 
storage charge pump P2 char.^lng the storage tank by removing wa»cr fn)m the 
bottom, adding energy in the heat exchanger and returning it to the lop of the 
storage tank, thus taking advantage of thermal stratification During periods 
of high solar radiation and low heating demand and with the storage lank fully 
charged, the system temperatures will incrcas and, as an overtemperature 
protective device, the purge cotl operates, controlling tlie downstream 
temperatures to a preselected value, When solar energy is not available and heating 
is required, storage supplies heat directly to the solar space heating coil. Pump 
P3 extracts heat from the lop of the storage tank and returns it to the bottom, 
again taking advantage of the tank stratlflcatlon. If the storage lank temperature 
is not high enough to supply heating, or the heating load cannot be satisfied by 
the solar system, auxiliary space heating will be provided by the heat pump 
and/or the electric resistance heating coll. 
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INSTALLATION CniTEHIA 


SECTION 15.010 GENEnAL PROVISIONS 
H.040 STARTING OF PIPING SYSTEMS; 


Collecto r Loop ? 


1) Coroplele testing of collector loop as called for elsewhere In 
three specifications. 


3l Filling and Cleaning PrecauUonst 


a) Cover collectors before filling or fill at night, 

b) Do not operate pumps dry, 

e) Do not ovcr>prc8suriae system on Initial fill. 


3) Clean system with a solution of 1 gallon trIsodium phosphate 
per 100 gallon water circulating for four hours, Chcrck strainers 
periodically and clean as necessary to avoid damage to pump. 


4) Drain cleaning solution and measure collector loop fluid volume 
so that correct amount ethylene glycol can be added. 


5) Flush system with clean water for two houra. 
8) Collector loop filling procedure; 


a) Open vent at top of collectors 

b) Fill system with proper amount of ethjTene glycol to provide 
a 50% by volume solution, 

cl Add corrosion Inhibitor as per manufacturer's recomme.idatlons, 

d) Operate control valves as necessary to fill all piping and remove 
all air from system. 

e) Close vent oxtd add fluid to provide a nominal 30 pat gauge pres- 
sure at module fill point, 

f) Operate system and check all vents to eliminate all air from 
system. 

g) Add water to pressurize system as shown on mechanical plans. 


Storage/Hcstlng Loop: 


1) Complete testing of atorageAeatlng loop as called for elsewhere 
In these specifications. 


3) Filling snd cleaning precautions; same as above, 
S> Flush storage tank with a hose. 

4) Flush piping with clean water for two hours. 


5) Store ge/heatlr^ loop filling procedure: 

a) Add water to system up to proper level in storage tank, 
bi Operate control valves as necessary to fill all piping and 
remove all air from system, 

c) Recheck s'.orage tank level and fill accordingly, 

d) Add corrosion Inhibitor in quantity specified. 


Uncover collectors and operate system for severat days under auto- 
matic control. Check system fluid levels, air vents, and , operating 
pressure periodically. 


D* Contractor wiU be assisted b> systems engineer. Submit results of 
above work to architect. 


15.042 TESTING 


A, Solar Heating System PlolriTt (ezeept collector headers, storage 
tank, and hose connections to coUectors), 


1) Test after erection and before concealing or covering. Any 
materials or workmanship found faulty shall be ,-cpUced or 
repaired and sections or systems retea*.ed. 


3) These systems shall be proven tight under a hydroiUtic prea- 
aure of loO psig. 


B, Collector Headers and Hose Connections to Collectors; 


l> Test after erection and before concealing or covering. An.v 
matcrUls or workmanship found faulljr shall be replaced or 
repaired and sections or systems retested. 


3) Cover collectors or conduct test at night. 


3) These systems shall be proven tight under a hydrosUllc pres- 
sure of 50 palg. 


C. Test resulU shall be submitted to architect* 


15, 043 BALANCINO OF SYSTEMS 
A. Hydronic Systems; 


S) Dalsnce flow rate of esch pump to within 5% of specified flow 
as shown on plans. 


3 ) Skilance flow rste through etch branch circuit to within 5% of 
•peclfied flow as shown on plans. 


B. Air Systems; 


Balance air system so as to provide flow rate at Solar Space Heating 
Coll within 5% uf specified flow rate as shown on plans. 


Motor Amperages; 

Measure all motor amperages and compare with oameplate ratings. 
D. Balancing results shall be submitted to architect. 


SECTION 15.050 BASIC MATERIALS AND METHODS 
15.060 PIPE AND PIPE FITTINGS; 


A. Solar Heating Svsterm 


Type hard drawn copper tubing with wrought cope>cr or east 
bronze fittings. Solder ^ints coade with 95-5 Un-antimony solder. 


D. Instatlation Method ; 

According to monufacturer'a instructions. 
C. General RegMircmfnta; 


2l All piping shall be run parallel to adjoining building aurfaces 
and by the moat direct route, Ezpoaed piping shall be run as 
cloov to ceiling and/or walls as possible. 


3} All piping shall be installed so as to allow for movement due 
to thermal expansion ;.nd contraction. 


I) Install manual air vents as shown on plans and all high points in 
the system. 


IS. 100 VALVES ; 
A* Manufacture; 


Valves shall be manufactured bv Crane, Jenkins, Walworth, fVrwell, 
LAinkenheimer. or Stockham. 


B* Vslves - Solar Heating System: 

1) pate Valves. 2** and Smaller -- 125 lb, steam, bronze body. 


solder end, solid wedge, rising stem. 

Check Valves. 2” and Smaller — 125 lb. steam, bronze bodjr, 
solder end, bronze disc, swing c.>eck. 


P">11 Valves^ 2” and Smaller -- 150 lb. stram. brass body, 
■crewed end or solder end, glass reinforced Teflon seats and 
stem seals, balancing stop, brass ball, blow out proof brass 
stem snd vinyl grip on handle. 


4) Drain Valves. 2** and Sr .aller — 125 lb. steam, bronze body, 
globe valve, screwed end or solder end, compos itum disc. 


C. Valve Tags; 


Each system valve shall be Identified with a stamped numbered 
brass tag, A schedule of valves including valve size, service, 
msnufacture and location shall be submitted to architect. 


15,175 S01.AnSTO3 

A. Procurement; | 
The Solar Storci 

B. Required Worktj 


The MrchanlcalM 
as abown on plali 


SECTION IS.IBO INI 
15.161 CBSERAU I 


>. Siope; 


This section pet^ 
supplied by the sj 


a Material: 1 

Armstrong Arm|| 
C, InstaU-itlon: ^ 

Per imnufacturM 
SECTION 15.400 PW 
15.424 DO^IESTIC ^ 
A. Procui-emcnt: ^ 


The Domestic 
IJoneyreU ERC,| 


B. Re quired Worktl 


The mrchanlcalS 
and MUlng Valv« 


SECTION 15.600 POl 

I 

15.645 SOIAR COLI$ 


4) Anchor vertical piping for support as required. Install pipe 

hangars in horizontal piping at eight foot intervals. Pipe hangars 
shall be FAM No. 364 or No. 365, or Autogrlp, or equal. Provide 
an eight inch section of rigid insulation for pipe saddle within each 
hangar. 


Th# Solar CoUecH 
collector header 1 
eolleclor, and thi 


B, Procurement; 
These componenl| 


for s complete I 
Contractor, 
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t as required. Install pipe 
^cight foot InlerTala. Pipe hangars 
65( or AutogrIp. or equal. Provide 
Atlon for pipe saddle within each 


wane. Jenkins, VCUvorth, IHnreU, 
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' * 125 lb. stesm* brooxe body, 
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IS ball, blow out proof brass 


> 125 lb. steam, bronze body, 
Ider end, composition disc. 


*ed with a stamped tmimbcred 
-ludim; valve size, lenrice, 
uomitted to architect. 


15. 17S SOt.AR STORAGE TANKt 
A* Procurement; 

The Solar Storage Tank will be supplied by lloneywcU EBC. 

B, Required Work; 

The Mechanical Contractor shall install the Salar Storage Tank 
as abown on plans. 

SECTION IS.IBO INSULATIOH 

tS.IBl CESERAU 

A. Srope: 

This section pertains to insulation of all solar beating system piping 
supplied by the mechanical contractor. 

B. Material: 

Armstrong Armaflex, 3/4 Inch Uiickness. 

C* fnstaltition; 

Psr mfjjufacturers recommendations, 

SECTION 15.400 PLUMPING 
15,424 DOMESTIC WATER HEATER: 

A. Procuiement; 

The Domestic Water Heater and Mixing Valve wQl be supplied by 
IlODcyweU ERC, 

B* Re po if «d Work; 

The mechanical contractor shall Install the Domestic Water Heater 
and Mixing Valve as shown on plans. 

SECTION 15.600 POWER OR HEAT GENERATION 
15.545 901AR COLLECTOR SUBSYSTEM; 

A* Scope: 

The SoUr Collector Subeystems consists of the solar collectors, 
collector header piping, flexible hose connections to each solsr 
collector, and the purge coil. 

B. Procurement; 

These components of the collector subs/stem to be supplied by 
Honeywell ERC are shown on pHna. AU other materials required 
for a complete installation shall be supplied by the Mechanical 
Contractor. 

C. Require Work ; 

The Mechanical Contractor shall install all above equipment as 
abown on plans. Header assembly joints shall be made with 95’5 
tln-antlmony solder. During Die joining process a heat sink shall 
be provided between ‘he coupling and the pre-insulatcd header sec- 
tions. The pre-inaulated header sections shall not be at tempera- 
tures grcB>r than 220° F. 
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15.545 ENEROY TRANSPORT MODULE; 

A, Procurement; 

The Energy Transport Modulo wlU be supplied by Honeywell ERC. 
D. Required Work ; 

The Mechanical Contractor shall Install the Energy Transport 
Module se shown on plans, 

SECTION 15.700 LIQUID HEAT TRANSFER 

15.763 SOl.AU SPACE HEATING COtU 

A, Pr ocurement; 

The Solar Sp&cc Heating Coll will be supplied b/ Honeywell ERC. 

B. Required Work; 

Tlie Mechanical Contractor shall InsUl! the Solar Space Heating 
Coll as shown on plans. 

SECnON 15. 800 AIR DISTRIDUTIQN 

15, BIO HEAT PUMP AND FLECTmC Ml ATING COlt* 

A, Procurement; 

The heat pump and electric heating coll will be supplied by 
Honeywell ERC. 

B, Required Work; 

The mechnnical contractor shall Install the beat pump and 
electric heating cull as shown on plans. 
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SECTION 15000 CONTROL SUBSYSTEM 

A* Scope ; The Control Subsystem will include all controls 
.necessary for operation of the solar heating system. 

B. Required Work ; The Mechanical Contractor will Install 
and wire all controls as shown on control subsystem wiring 
schematic. This will include all line voltage wiring 
required. 


\ 


3 




B. Required Work 


4 .) Site Data Acquisition Subsystem M o dule - The Site Data 
Acquisition Subsystem Module will be furnished by NASA, 
and installed by the Mechanical Contractor. The installation 
location will be as shown on mechanical plans. 

&•) SPAS Telephone Interface - NASA will provide the telephone 
Installation required for the SPAS. 






C. Procurement of Control Devices ; Control devices listed In 
Section (i. e,. Solar Control Panel, Aquastats, Thermostat, 
etc.) will be provided by Honeywtll ERC, This will Include 
the control devices only, all other materials necessary for a 
complete Installation shall be provided by the Mechanical 
Contractor. 

D. Basic Materials ; 

1. ) Control sensor wiring (Tp and Tg^): Wiring from solar 

control panel to control sensors Tp and Tg^ shall be run 
in conduit in outdoor areas and shall be Belden tf8762 or 
equal. 

2. ) Power and control wiring; All line and low voltage wiring 

shall be of size and type required by applicable codes, 
and supplied by Mechanical Contractor. 

3. ) Other Materials; All other materials required for a 

complete installation of the Control Subsystem shall 
be supplied by the Mechanical Contractor. 

E. Basic Methods ; 

1. ) Control device Installapon methods: As per applicable 

details and/or instructions included with equipmenl, 

2. ) Electrical wiring: As per all applicable codes.- 


SECTION lSi990 SITE DATA ACQUISITION SUBSYSTEM 


6.) SPAS Electrical Interface - The SPAS will interface with a 
standard 110-125V, GO Hertz, I phase, 3 amp service. A 
standard 3 wire interface (safety ground, power and return) 
with a standard twist lock outlet, located within six feet of 
the SPAS, shall be provided by the Mechanical Contractor, 

NASA shall provide a three pin twist lock connector and cable 
to interface the SPAS with the power outlet. 

Junction Box - NASA shall provide a Junction Box to the 
Mechanical Contractor for installation in a location as 
chown on mechanical plans. The Junction Box shall be 
located so that it is accessible for wiring connections from 
the sensors into the top and Is wltliln four feet of the SPAS 
location. At the required mounting location, the Junction 
Box shall be mounted using the four mounting feet located 
at the top and bottom of the unit. Depending on the charac- 
teristics of the mounting surface, molly bolts, wood screws 
or boU/nut combinations shall be used to mount the unit. 

The Junction Box shall be installed in a top-up orientation. 

8.) Junction Box/Sonsor Interface - NASA will establish the wire 
run list which identifies where each sensor wire attaches to 
the Junction Box, The Junction Box will be prewired from the 
terminal strips to output connectors by NASA prior to delivery 
to the site. Each applicable sense r detail illustrates the senso 
to ,Tunction Box wiring. The Mcc^-^nicol Contractor shaJ 
connect sensor wires to Junction Box terminals according to 
a wiring diagram to be provided by NASA, 

0. ) Junction Box/SPAS Module Interface Cables - NASA will 
Install the cables bctwxen the Junction Box and the SPAS 
Module. 1 


A. Purpose ; A Site Data Acquisition Subsystem (SPAS) will be 
Installed to evaluate the performance of the solar healing 
system as well as determine the contribution of collected 
solar energy in reducing the consumption of conventional 
energy. The Site Data Acquisition Subsystem components 
will be furnished by NASA, consisting of instrumentation sensors. 
Junction box, Site Data Acquisition Subsystem Module and 
a telephone Interface. 


A 


B. Required Work 

1. ) In strumentation, Installation - The Mechanical Contractor 

will install all suns ors listed in the instrumentation schedule. 
The sensor locations are shown on the Site Data Acquisition 
Subsystem Schematic and the mechanical plans. The 
Mechanical Contractor shall Install the sensors in the 
locations shown so as to provide for acccsslblllly and 
case of servicing. 

2. ) Instrumentation Wiring - The Mechanical Contractor shall 

perform all electrical v/lring from each sensor back to the 
Junction Box as shown on details and described below. 

3. ) Wat t Transducer Installation - Mechanical Contractor shall 

IrTstaTu and wire wait transducers on or near equipment 
served, and revise factory wiring as required. See Watt 
Transducer detail. 


IK ♦ 

A -4 


R^strl ct lcns on Use of Instrumentation 

No mohUoring, inulcating or readout devices are to be connected 
to the Instrumentation sensors, 1. e. , paralleled with the Site Data 
Acquisition Subsystem, without prior approval of NASA, 


D. Failed Sensor Replacement 

The Improperly operating sensor will be Identified to Hone^'weU ERC 
after examination of the sensor for signs of physical damage such as| 
broken wires, loose connectors, loose terminals, etc. If no physlca| 
damage is apparent In the inspection, NASA shall be notified for 
further instructions. If mechanical damage la appi^rent, the sensor y 
uhall be replaced by the Mechanical Contractor with a sensor suppUel 
by NASA. The defective sensor shall Ihr.n be returned to NASA for 
failure analysis. 

E* Installation Materials and Methods 


1.) Wiring from the sensors to the Junction Box shall be perfcrmcd l 
by the Mechanical Contractor utilizing wire supplied by the I 
Mechanical Contractor, The wire size and number of conductor! 
required for each sensor type Is socclHcd in list below and each! 
sensor type la specified In list below and each sensor detail. I 
The Scnscr-to-Junctlon Box wire shall be UL approved, color- | 


manufacture or equal; 
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jfe Data Acquisition Subsyntcm M o dule - The Site Data 
»tlsltlon SubsytJtcm Module will be furnished by NASA, 

I installed by the Mechanical Contractor, The Installation 
Sktion will be as shown on mechanical plans, 

L 

glS Telephone Interface - NASA will provide the telephone 
iallation required for the SDAS. 


|AS Electrical Interface - The SDAS will Interface with a 
fedard U0-125V, SO llcrtz, I phase, 3 amp service, A 
ndard 3 wire interface (safety I'txjund, power and return) 
ti a standard twist lock outlet, located within six feet of 
’^SDAS, shall be provided by the Mechanical Contractor, 

A shall provide a three pin twist lock connector and cable 
ttcrface the SDAS with the power outlet, 

tlon Box - NASA shall provide a Junction Box to the 
hanlcal Contractor for installation In a location as 
rn on mechanical plans. The Junction Box shall be 
led so that It Is accessible for wiring connections from 
icnsors Into the top and Is wUhln four feet of the SDAS 
flon. At the required mounting location, the Junction 
shall be mounted using the four mounting feet located 
c top and bottom of the unit. Depending on the charac- 
stlcs of the mounting surface, molly bolts, wood screws 
3lt/nut combinations shall be used to mount the unit. 
Junction Box shall be installed In a top-up orientation. 


ctlon Box/Sensor Interface - NASA will establish the wire 
list which Identifies where each sensor wire attaches to 
Junction Box. The Junction Box wlU be prewired from the 
“I'nal strips to output connectors by NASA prior to delivery 
c site. Each applicable sense r detail Illustrates the sensor 
unction Box wiring. The Mec^-^nicol Contractor shaj 
icct sensor wires to Junction Box terminals according to 
^rlng diagram to be provided by NASA. 




tlon Box/SDAS Module Interface Cables - NASA will 
tall the cables between the Junction Box and the SDAS 
lule. 


Alpha P/N 2421-10 gauge, 2 conductor 
Dearborn P/N 972202-18 gauge, 2 conductor 
Alpha P/N 2424-18 gauge, 4 conductor 
Dearborn P/N 971804-18 gauge, 4 conductor 

All externally exposed wire in the outdoor environment or ' 
burled will be In conduit. 

Wire nuts will be utilized for terminations at the following 
season o: 


Temperature Sensors 
Temperature Sensors 


3 each (single element) 
6 each (dual element) 


Wire nuts shall be replaced with a butt splice in areas where 
the connections arc exposed to vibration. 

Ring terminals wUl be used to terminate the wires at Uie 
following sensors; 


Flow Meter 5 each 

Watt Transducer 2 each 

if terminations conflict with local codes, local codes shall be 
applicable. 

2.) Ot her Materials 

All other malenals necessary for installation of the sensors 
shall be provided by the Mechanical Contractor. This would 
Include but not be limited to, pipe fittings, fasteners, electrical 
enclosures, terminal blocks, electrical wtrlnn, electrical conduit, 
and any other materials necessary for a complete Installation of 
all sensors. 


ions on Use of Instrumentation 

lorlng, inuicatlng or readout devices are to be connected 
strumentation sensors, 1, e. , paralleled with the Site Data 
Ion Subsystem, without prior approval of NASA. 


/ 


ensor Replacement 

roperly operating sensor will be identified to Honeywell ERC, 
mlnation of the sensor for signs of physical damage such as 
ires, loose connectors, loose terminals, etc. If no physical 
|i8 apparent In the Inspection, NASA shall be notified for 
Instructions. If mechanical damage Is apparent, the sensor 
j[ replaced by the Mechanical Contractor with a sensor supplied 
I, The defective sensor shall then be returned to NASA for 
Analysis, 

lion Materials and Methods 






ing from the sensors to the Junction Box shall be performed 
le Mechanical Contractor utilizing wire supplied by the 
hanlcal Contractor, The wire size and number of conductors 
Ircd for each sensor cypg Is sDcciflcd In list below and each 
or tyi^c Is spcMfled In list below and each sensor detail. 
Scnscr-to-Junctlon Box wire shall be UL. approved, color- 
led, audio and Inst rumentation grade cable of the followinr! 
pufacturc or equal: I I toucanc 

t I I unrenrt' 
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2. 1 Requirement 

2.1.5 Criterion 

2.2 Requirement 

2.2.1 Criterion 

2.2.5 Criterion 

2.2.6 Criterion 

2.3 Requirement 
2, 3, 1 Criterion 

2.3.2 Criterion 


2,7 Requirement 

2.7.1 Criterion 
3,2 Requirement 

3.2.1 Criterion 


3.5 Requirement 


IPC SYSTEM INTEGRATION CRITERIA 


System Design Conditions , The oyotema for hcatinf; (ll) 
and combined heating and" cooling (lIC) and the domestic 
hot water (DIIW) syatem/subsystem ehall be capable of 
functioning at their designed flow rates, pressures and 
temperatures. 

Entrapped Air. When liquid heat transfer fluids arc used, 
the system shall provide suitable means for air removal, 

Mechanical Stresses . Mechanical stresses that arise 
withm Uie system shall not cause damage or malfunction 
of Oie system or Its components. 

Vibration Stress Levels. Vibrations In piping, ducts, 
Instrumentation Imes, and control devices shall be con- 
trolled to reduce stress levels below those that could 
cause fatigue and subsequent component damage. 

Thermal Changes. Tlie system components and assemblies 
shall be designed to allow for the thermal contraction and 
expansion that would occur over the service temperature 
range. 

Flexible Joints , AU systems employing heat transfer fluids 
shall be designed to be capable- of accommodating flexing of 
plumbing and fittings. 

Leakage Prcvcni»on , System assemblies containing heat 
transfer fluids shall not leak to an extent greater than that 
specified In the design v.*hcn operated at the design conditions. 

Pressure Test; Konpotablc Fluids . Those portions of the 
H, HC and DHW systems which contain heat transfer fluids 
(other than air) and ere not directly connected to the potable 
water supply shall not leak when pressures of not less than 
1-1/2 times their working pressure are Imposed for a mini- 
mum of 15 minutes. 

Press u re Test: Potable Water. Those portions of the II, 

HC and PHW systems that arc directly connected to the pot- 
able water supply system shall not leak when tested in accord- 
ance with the code having jurisdiction In the area where the 
system is used. In areas having no building code, a nationally 
recognized model code shall be used. 

Piping S up ports , Pipe hangars, pipe trenches, and other 
supports shall carry the static and operational loads norm- 
ally Imposed wltliout Impairing system function. 

Applicable Plumbing Standards. Piping shall be installed 
in accordance with Section 615 Of Uie MPS (4900, 1 and 4910. 1), 

Failure Loads and Load Capacity. The structural elements 
and connections of the H, HC and DHW systems shall not fall 
under ultimate loads expected during the service life of the 
system. 

Ultimate l>oad Combinations , Non- conventional elements and 
connections shall comply with this criterion. {Conventional 
elements and connections are deemed to satisfy this criterion). 

Structural conip^ents, connections and supporting elements 
shall be desigoed to withstand a uniform load of 50 psf. 

Culling of Structural Elements, Cutting of structural elements 
for the inTlaUation of H, HC and DHW system components shall 
not reduce tlic required load capacity of structural elements. 
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S,5,l Criterion 


I-.6 nequiremeni 


3,6, t Criterion 


4 , 1 Requirement 


4.1.1 Criterion 


4.1,2 Criterion 


4,3 Requirement 


4,3,3 Criterion 


4, 5 Requirement 


4,5,1 Criterion 


1,1 Requirement 


4,1.1 Criterion 


4,1,5 Criterion 


, P4 g Ign^Pro’^ gjons^ The effect on the sl«e, shape or engineer* 
ing properuesl)f » load-hearing element reauUmg from boles, ^ 
copes, notches, etc,, shall be determined to insure that rt- 
quired safety margins against failure have been msinUmcdr ^ 


Constrain t loads,. The structunl elements and connections' 

If, lie sniToutr S’, stems shall comply with Criterion 3,2.*1 " 
while simultaneously subjected to constraint loads expected 
during the sTvicc U/e. 

Fout^a ti on S< t Uement. Contract ion and Expana mm Kon*con* 
ventional elcmems and^connectiomi^haa cornpiy with this 
criterion, (Conventional elements and connections arc deemed 
to sstisfy this cfUerion). 

Plumbing and Fl ectrica * Instal lation. Ihe design and installa* 
tlon of Uie systems for heating (ft), combined heating snd cool* 
Ing (IIC) snd the domestic hot water (DHW) system/subirstcm 
and their components shall be in accordance with nationally 
recognized plumbing and electrical codes and standards for 
health and aafely, where cppUcable, 

Pl umbing Codes and Standards , Plumbing materials and 
equipment and their instailalion shall be in accordance 
with Sectiona 515 and 615 of the MPS (4900,1 and 4910,1), 

Electrical Codes and Stand ards. Electrical materials and 
equipment and their installation shall be in accordance with 
Sectiona 516 and 616 of the MPS (4900, 1 end 4910. 1). 

4 

Fire Safety , The design and tnstallatton of the H, HC and 
DliW systems snd their components shall provide a minimum 
level of fire safety conalstant with applicable codes and 
■lanoards, 

Penctrattonc thro u gh Fire- Rated Assemblies , Pe netratlona 
through fire rated wails, pa tnitioM, floors, roofs, etc, 

■hall not reduce the fire resisunce below the levels specified 
In Section 405 of the MFS (4900, 1 and 4910, 1) (1). where 
applicable. 

Safety Under Emergency C on ditions . In the event of emer* 
gencies, the H, ftc and DH tV systems shall not unduly hinder 
the movement of occupants of tiie building or emergency per* 
■onnel. Life safety hazards which could occur as a result 
of failures of the above systems shall not be greater than 
those Imposed by conventional systems. 

Emergency En re ss and Access, The design and installation 
of Ui*e 11, lie and DHW systems shall not Impair the emergency 
movement of occupants of the building or emergency personnel 
to an extent greater than that allowed by Sections 402 and 405 of 
the MPS (4000, 1 and 4910. 1) (1) and NFPA 101 (3), where appU* 
cable. 

Accessibility for MaIntenaiKre and Servicing , The aystema 
for heating (U), combined heating and cooling (HC) and they 
domestic hot water (DllW) system/subsystem shall be designed, 
constructed, and installed to provide sufficient access for gen* 
■ral maintenance, convenient aervicing and monitoring of ays* 
tern performance. 

Access fo r System Maintenance . AU Individual Itcma of equip- 
ment aniTcomponents of tlic tl, HC and DHW systems which 
may require periodic examination, adjusting, servicing and/or 
maintenance shall be accessible for inspection, service, repair, 
removal or replacement without dismantling of any adjoining " 
major piece of equipment or subsystem. 


Filters , Filters shall be designed and located so that they 
nan be* cleaned or repbeed with minimum disruption to the 
■yatem and adjacent equipment. Cleaning frequencies shall 
be specified by the system manufacturer in the maintenance 
manual. 
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SOUR COLLECTORS 
LSCID'IS AND LSC1»>1 


1h# Unnox L5Cia lojtr cottector U • dcvttopmvnl of fh« 
ttnnox Rototrch laboratory Solar Dae<gn departmani Uo* 
nox Mxrtufaciuring group and tha Solar Reiotrch group of 
Honvywell Inc Tho ISC18 u a gtata covar« seleclivt ab* 
lOfbof, modular collarior adaptabta lo any typo and tilt 
fotar lyttom Unnox coilcclort art available with imgle 
flSCIS 151 or two glots IISC1&4) covert and tbliied to ac’ 
tumulaio tolar energy which may bo used In tytlemt for 
heating residenccti commercial aicai« dometuc hot water, 
ewfmming poo! water, etc> The ISC 10 colloctor it a high 
thermal efficiency, fiat plate collector applicable to new or 
retrofit Insiiiltaiiont Cuiicctori are dottoned for easy tnital» 
lalionln acparatotuppoiit or frames constructed of wood or 
metal. Itie tolar cpltei tor ttructural framing system may be 
Installed on a roof or at ground level CoUeciora can be 
Installed Individually or in multiple banks end to end andor 
t^df by side and assembterf in parallel, sem s or senes para! • 
lei combination. When colleciois aru mstatted iho thermal 
axpansion of e«uh absorber ptalo is appruHimatciy 0 1 2G inch 
for a temperature diftcicnco of 200 F Since Mio inlet and 
outlet from each coHcUor arc on opposilu sides of the mod* 
utes. the inter connection furnis an expansion loop relieving 
therr expansion fottes Service acersc to each coileclor 
may be accomplished without remuvmg iho i.niirc modulo 
or disturlung the ml|aciml moiltiles Alt pipMin connections 
ara located external in tho coUevtor enciusme Yhe high 

Mlir 5i»tt(l*i IL«IMi{|x <*^I rX'iM'innnt cDliiirt |a •.li,ing«i MrtlIrtMil iHitirff 


output to insolalien ratio of tha collector ii itcomphshad 
primarily m tha dnitgn of the UCti abioibtr plate which 
captures solar energy arid transfcii it toutatle heat ttia 
ptata IS formed around the cepper tipw tutics end sealed with 
a sotdar filler. The wrap around centaa of plate to tubes 
provides maximum heat transfer and the lubes, pcrmanct.ily 
sealed agnintt oxide conosicm hava commuing high c!h 
Ciency. In addition, the emire plate is given a spec*al bidck 
chrome coaling for high absorptiriiy end tow le ra Jiation 
loss. The absorber plate is compktfty «so!atad on rubticr 
pads wnhin the anclo:>me. eliminating metal to rncial con 
tact that would result in conductivity lo'.s Surfaces pf the 
glass covor(s) have acid cut ed surface I ncs that incrcose 
light transmission by reducing reflection Tempered low 
hon glat s is abrasion rrsisiani and structurally stionii in 
case of breakage, the weather tight aluminum cover homo 
can be easily dismantled for glass rcMiotemem Theeo)** etor 
enclosure rs constructed of golvalumo Meet with a ciciiro 
statically dip painted fmnh Inclo^ure is comptcidy tmed 
with high tcmpcrauirr fiberglass insulation both bt neoth 
and around tho absorber plato Twu povtion mwnfmg 
brackets on each Corner ui the enr losuro permits inM tiMimn 
cither vcilically or on (l.il surfaces Cnileciats arc shii>i» u m 
dividualty and fjitory ossrmblcd tho injulfcr li I'v ui'V to 
mount ciilleclor in typo of framing tiiuctuie desut it and 
make couiicctiohs lo systein supply ond ivturn hm o 


FEATURCS 


Tramparvnt Cov*f *-• Composnl i\f rmo «r two tlietln of 111 inch 
iKhIi li-mprit'ii iuw iron glass both ‘yutf.H i«s of Ihu nia'.s Mtrnl aro 
•nil rellK lion Mirhi.o litiinl to iivrr.iso n«inMitiksion Iho nlats 
Mtcvl has » PVC (Poly Vtnyl ClUnmh ) wr.ithirMnp sc.ii emimil Iho 
ctigi's tied IS ciiUmed m an pauu h it alum'iiiini tramn y«l»i h may tio 
dtMSsnmbk'tl loi uptaU’mvni ol the ijl.iss Vein holes 5M‘ piovidcd 
in Ihu ahimimim haini* Thorui|0i d 'pass cover is sUucttir.iUy sUonQ 
ertough lo wiihst.i.id heavy wind, am and snow toa<H tho glass 
eovsf system pruyidet transmission of Iho maximum amount nf 
MKid«n| solar energy. 

Absotbtr put* "<*Th« soUr abseiber is an assembly ol parallel coo« 
p*r flow lube s bonded lo o formi?d5lct l pule ond clttuni i.ucd with 
a solar selective coating Tho special cn.il.m) iblaik thrums* eo bright 
mckei) ppphed to tho obserber plate pim dt<s high suior abcurphvdy 
and niifiirnumro radiation less inadd liomihecoitnigis xuemety 
durable wh«n e«()oscd to eevero amhieni condiliuns. parhcularty 
humidity The steel pUle i ^ termed around ihocpppi r lluwiubcs and 
a high tcmperaluro solder bead is added lo each lube. This design 
results Hi high tliermol hr'at transfer, permanontiy ci'jis (he tubing 
from oxide corrosion at d allows h«gii woiking pressures The cop' 
per flow lubes are brored to copper manifcid pipes one ei each end 
The manifold pipes are capped and have 3g 10 W>< P'pe fittings 
ey.ernat to the enclosure, for connccimn to the supply and return 
tines cf the system pr adjacent coltt'Ciois Inlet and outlet conooc* 
tions are loCaled in a Z flow pattern to improve Iho flow characterit'^ 
PC* and facilitate installation 

lntulsUon>»The solar collector has 3 1'2 inch thick Insulation be* 
neaili the absc'bcr plato and 1 inch around the sides of iho collrctof 
enclosure The nsulahon is a snmi rigid fiberglass board without 
fasing and is capable of withstanding unlikely tomperatures up to 
550* T without coiigasung. 

CoHacior Enclosure — The wrother tight enclosureis constructed of 
corrosion resistant heavy gauge gatvaluine steel With a special Led' 
nox ' Electro Deposition " process pami nnish. Extruded aluminum 
cover frame is anodued for maximum proiociton arjiimsi corrosion 
Cove* frame is easily removed lor complete scrvtco otenss tomicrior 
of enclosure Weep holes are furnished m me encinsuro for vcniiU* 
tipn and rroislure removal m case of c-ny tomleniai on. The *!>• 
forber plate is mounted on s-hiore lublier pads tsoUI'f'g the plate 
from metal to metal contatl with the enclosure mot wtiufd rosi'U •« 
any conduciivity loss Two position mounting br.ifl"'ti on each 
corner of Ihe enclosure provide flexibihty ol inoiaiijl'On Ptpmg con* 
nections are located exiernai to the enclosure and are epu ppod v;i|h 
piping collars which reinforce the pipe f.timgs arid aii-.wa force lo be 
applied to the connection without stressing the manifolds 

Conector (Transport or Coollngi Fluid — Tho heat transfnr liuidused 
in the solar collector can range hum y/ iter to vanniis mis Itowcver, 
Ifce fluid should exhibit the foiiovs.ng properlins; low vi icosity over 
the range of ambient temperatures en' ounmr cd , nonccur nsivo twilh 
inhibitors if necessary), chenn. iHy st *blo over 15 ?0 year life good 
heal transfer prop«*rhfls, high heat capaniy and low fn p,*ing point if 
low ambient temperatures are anticipated Lennox retommends Ihe 


u'o of eihyleni* uiycni tusrd an!ihiv/« IhmihrrmCft t. piuducod 
bytliuDnwChi mir dCunipany) Mu* f»vithw.itmna'i0 *,dt itiuby 
VfiUnnc. Sn I v« f>f«,i lluulcip il'L’t Ipri ru|iiTi|i iHit t>i |ii> it Irony 
Icrovet alrnipiiaiiiioranimcf agftoJ'XlF Unwil urn shutiid be 
aiialyrtid once p«*r year and mkbiiois added if needed 
SpJiifKslIpns*-* 

• Colh^lur Mudii Numbe'S 

—Jfnmt’r (j’ass Cover L^CIB tS 
Diiubli* Olaas Cover i$Ctfl 1 

• Nominal Cn'lector Area tO sg. ft 

• EUechvc Ab;.')tbc Aiea •154 sq. ft 

• ftaiio Cl U-.jlito Absoibti Area 
To Toicil tmface Covered - H% 

• Glass Cuvi Its); 

- 1 E in Thick 

*• Ten pcied Uw Iron Clear 
— Tronximiiance— CO 

• Absother Cvatmg pia.k Chrome On Unghi Nickel; 

'j^Absciplivity— 94 

tmr.stvity ••* to 

— SMtio To 'aWTF 
Absorber Conshuttton. 

»»Sle()i'falo 

— Correr flow Tubes *- ftO) ti4 m o d. ( IW in. i d ) 

— Tube Spacing 3 m On Center 
— Tube Pattern »■ ’ I” flew 
— Mamfold-t*1Ein od U079iaid) 

— Tuba Connections To Wamfold; 

ASTM CCuP 3 Prai rg Material 
— Bond Between Tubrs A t»teel Plate — 55 S.So der 
— Piping Conncciifjni (mlet ouHci) — 30.10 fpt 
— Manifolds & Tubes P'essuio Tested; 

To 150 ps'p VVcfInrg Piessuie 

• Rccommemlcd Flow Paio Thiu Ccllcctor — .3 to 7 gpm 

• Collector Fluid Capacily — 3 gal 

• Cottectof Fluid (50 50 Oowthenn SR 1 or Equivslontl 
SR I Data 

— Density — 1 045 g ml (at \ fXTf) 

— Viscosity ^ 1 4 ceni-coi5* (at t60*f| 

— Thermal Conductivity — 073 Otolb 7 (a* 1007) 

— Specific Heat — 069 P»'*‘b'F (at iWfl 
— uui*»r ^ Tvioi — 237 F 
— Freeimg Point — 34T 

• Insulation - Semmgid Fiberglass Board. 

— Deni'ly-’SO Itfti 

—Thermal Conductivity— 0 20 Biw mrhi h* (at 200*F| 

IR - 129) 

— Specific Heal — 16 Oiu ib 7 
— Maximum Tcmpoiaturo - 590^F (without outgasslng) 

• Collector Shipping Wc gbt (lbs )— (t • Patkoga) 

ISC16 tS> 143 
LSetS 1-170 

• Collector Net Weight (lbs ) 

LSC18 IS -123 
LSC10 1-150 


TYPICAL APPLICATIONS 
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REVISIONS 
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'~~‘oiscmptioN 

“j" OATE “ 

T^fprovco 


^EtlueM 


GKNKUMt INHT Al.U \TION NOTI r> 
fiincle*»Ht>u k C »Ucc t(»r \rrjy 

K Screw hcador*lo* collector eoupUnj? Into both colkclor 
ends, place lollcctor on oupporl structure# and listen 
<UoUd# etc . ) collector to furweture# Heptat for all 
collector modules, 

2. Connect prc»uonemblcd return header oectiono to top of 
collector a/rav with pectlon*'lo*occUon couplings placed 
nt all joints# l.ubrlcale head at end of coupling with liquid 
detergent noap (or equivalent) prior to oUpplng hose over 
coupling# .Uier proper alignment solder header sectlom} 
together# Insulate and weatherproof uninsulated secliomi 
of header# Strap header to oupport structure# 

3, Hepeut H2 tor pre-anscmblcd supply header sections at 
bottom of collector array# 




^*WPPi-V 


noublo»Stack Collrctor Array 

I, Tor bottom row collector screw header-lo-colicctor 
coupling Into bottom end of collector and collector-to- 
collector coupling Into top end of collector, Place 
collector on support structure and fasten to structure 
KboUs at boltom end and Insert clips at top end). 

2# Place 2x4 wood stud at top end of collector w ith wide 
face flat against support structure. 

3, For second mack roUcclor screw eoUectoi -to^colleclof 
coupling into bottom end of collector and header-lo«» 
collector coupling Into top end of collector, 

4, Lower follector down structure until U rests against wood 
stud# and connect fluid lines with 24 In, silicone hose 
clamping each end to coupling. Lubricate bead at end of 
coupUrg with liquid detergent soap (or equivalent) prior 

to slipping hose over coupling, 

5, llemovc 2x4 wood slud and lower collector such that 
mounting brackets slide Into clips, Fasten #op mounting 
brackets (bolts) to structure, 

6, Repeat #1 ^ #5 for entire collector array, 

7, Connect prc-assomblcd return header sections same as 
<J2 for single-stack ar/ay, 

8, Connect pre-assemblcd supply header sections same as 
#2 for single-stack array. 


Triple-Stack Collector Array 

The procedure is an extension of the double stack collector array 
installation notes. 


Insulation Notes 

Put Insulation tube around header. Apply insulation adhesive In longi- 
tudinal silt of insulation tube and between scams at ends of tubes, 
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COUECTOn PERFORMANCE 



Tin «• Fluid torn p«fa:ur I 
KOlJartor lnl*t pF). 

T»mb • Ambivnt l«fnp*rttuni 

tunoundin^ th« collaclur |TPV 

OtfK o lnc»d«nt soUr radUtion 

Fluid Wtt AmbUai 

T»nip<f>tUT# T»mp»fitiira 

'»c4d«nl SoUf RadiaUM 

CXAhi^': 

To detcrmirt* ihe Bw captc^ of iti» coitrctor th# fluid mlet 
tcmporatute, ambtent lemperaiurc and incideni aotsr radiation 
(intotaiioni of lh« coUtctor must b« detri’mined Assuming an 
inirt tcmp«faturK of \ tO‘F and an amt^vn temperaluia of tC'F 
rf suits in lOOf lempfratura diMervfKc OiviCmg tl'^ lampara* 


turs diKtrenco O0O*F} by >ba inctdani tolar radialion 3&0Btu/bf* 
tqui's .40 (see tampla calculction) Rsfar to the coilactM 
performance chad and follow.ng the eKsmple hne shown from 
AO (bottom scale) to the intertecimg point with the collKtor 
curve ard feeding acrou to the collector efftcienry scale read 
54% efticierKV Thus 54% of (ha incident solar yiiue of 250 
Btu/hr ltr results in 1.15 Btu hr ft* output capeciry of the collector 
under the conditions used in this tMampie. 

For representative values of Incident Solar Radiation (Q Iik) see 
ubie below Of the 1972 A^HPAE Handbook «f furvJamentali, 
chapter 72, pagns 388 iNu 392. 

SAMPtE CALCrUTlON* 

•Hn-^Tamb tlP.10 


Qine ' 250 

Oinc a 0.54 *• 135 Btu<hr^» Output 


ANNUAL MINIMUM AND MAXIMUM DAYS OF SOLAR INCIDENCE (Clear Sky) 


SOLAR 

TIME 

1 

1 ^ Notih Latiiude 1 

North iTMi de jl. North 

I North Istitude ^ North latitude ! 
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j l^LDOUT 


PURGE COIL DKSCRIPTION 
Heat Capacity and Pressure Drop 


Height of the coil 

» 

25" 

Length of the coil 


20" 

No, of rows 

* 

2 

No, of flns/lnch 

s 

15 

Outer dia, of tubes - 

c 

1/2" 

No. of circuits 

B 

10 

Air flow rate 


2000 CFM 

HP of fan motor 


1/5 


Assumed air temp« at the suction side 
of the fan * 60-120°F 

Calculated heat dtssipated/hr 

= 101,000-156,000 

Rtu/hr. (Inlet 
Fluid Temp, s 
230OF 50% gly- 
col solution) 

Pressure drop (calculated) In the Purge 
coil 

^ 0,0 ft, 

3.^ P51 


INSTAIXATION NOTES 

PLUMBING: Connect the inlet and outlet 
manifolds (1 5/8*', O. D. , copper tube) of 
the purge coll to the desired pipes in the 
collector loop. 

ELECTRICAL: Connect the motor of the 
purge coil fan to the control panel. 
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STOHAOK SUnSVSTEM | 

I 

The oolar enerj^jy which canrot bo used for space heating/cooUng t| 
stored for future use# This stored eecrgy will be available for | 
domestic hut water heating and space heating at ntte or on cloudy | 
This energy la stored In water, contained In a lined and Insulated li 
tank. The capacity of the tank Is ICOO gallons. It should be Install) 
at the residence above ground. Valves activated by the control syi 
permit charging or discharging. I 


Specifications | 

Ncmlnal capacity • lOOO gallons | 

Material iiflO gauge cold rolled steel I 

Size, di'* diameter x 72" long I 

Domestic hot water coil Iriludcd in tank | 

Dining, coal tar epoxy | 

Exterior painted with primer and shop coat of enamel | 

Tank empty weights approx. 860 lbs. | 

Filled tank weights approx. 9.205 lbs, | 

18" manhole provided for internal access I 

U penetrations are provided for inlcts/outlels | 

and temperature sensor InstaUatloua, | 



Installation Notes 




Above grade Installation should be enclosed with partition and tank! 
engulfed in blown fiberglass Insulation# 1 


Tank should be filled with 1500 mg/l sodium nitrite corrosion InhltJ 
Norman Chemical, Product No, 284 or equivalent, ((}6CAiK)!?^6Au3 

All sweat connections shall use only 95-5 solder, |j 
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HEATING SYSTEM - SINGLE FAMILY RESIDENCE 
ELECTRICAL SUBSYSTEM 


L CONDITIONS 

e: The Electrical Subsystem wilt Involve all field 
;rical wiring necessary to complete the solar heating 
tm and make It ready for operation. 

lircd Work: The Electrical Contractor shall provide a 
rate branch circuit to each of the following. Values 
n arc minimum circuit ampacity. 

230 V single phase 

L > Heat Pump Outdoor Unit: 24. 3 amps 

3») Electric Heating Cotl and Heat Pump Indoor Unit: 
79.2 amps 

3.) Domestic HW Heater: 39.1 amps 
120V single phase 

1.) Energy Transport Modul*: 12.9 amps 

b branch circuit shall have a circuit breaker or fuse at 
a electrical panel, sized per all applicable codes. A 
onnect switch shall be provided if required by code. 

[ATERIALS AND METHODS 

ic Materials: All materials shall be supplied by the 
rtrical Contractor. All materials shall be aa specified 
tie Architect and required by all applicable codes. 

ic Methods: All work shall conform with all applicable 
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tHERGV RESOURCES CENTER CODE IDENTIFICATION NO. SSStS 
HONEYWELL REQUIREMENTS SPECIFICATION m. |HRS SK 142008 


Appurtances 

Four tie down lugs also used as lift hooks shall be provided* 

They shall be made of the same material as the tank shell and 
sized and located approximately as shown on Figure 2. They 
shall be attached with continuous double welded joints full length 
of the lug. Four support saddles shall be fabricated and welded 
at the tank 1/4 points. The saddles shall be capable of supporting 
the tanks when filled to capacity with water at 8.3 Ibs/gallon. 

Internals 

A rod of 1/8" min diameter shall be formed as shown in Figure 2 
and welded to the top of the tank to support the heat coil. It should 
be installed prior to applying the interior lining. The heat coll, 
Honeywell SK 142047, shall be furnished by buyer and installed by 
the tank manufacturer. It should be installed after the Interior 
lining is applied. 


Finishes 

After final testing the tank shall be dried and cleaned thoroughly 
Inside and outside to remove grease, loose scale, rust, and 
foreign material. 

The interior shall be sandblasted and then a coal tar epoxy 
(Chem-mastic 2203 or equivalent) shall be applied for a minimum 
thickness of 0.912"! 

The exterior shall be primed and painted with a coat of enamel for 
rust protection. 

All weld.s .shall be cleaned of welding slag prior to priming and ; 
painting. 
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3.0 INSPECTION & TESTING 

3.1 Drawings 

The tank manufacturer, after receipt of purchase order, shall 
furnish shop drawings to the buyer for approval. These drawings, 
as well as the Purchase Order and specification, may be used by 
the buyer to inspect the tank during or after fabrication. An 
"as built" drawing will be required if changes are authorized 
during tank fabrication. 

3. 2 Workmanship 

The tank manufacturer shall assure that a) all welds show no 
evidence of poor workmanship such as porosity, inclusions, cracks, 
lack of fill, blow holes, incompleteness, etc. b) the location and 
size of all appurtances, openings, threads and internals meet the 
print requirements, c) the diameter, length and wall thickness meet 
the print requirements, 

3. 3 Inspections 

The tank manufacturer shall visually inspect each tank 100% both 
inside and outside after cleaning and before applying the finishes. 

a. After finishing and installation of the heat coil the tank shall be 
reinspected visually for lack of evidence of use of incorrect 
materials or poor workmanship such as incomplete coverage, 
cracks, thin spots, lack of adhesion, runs, etc. 

b. Verify that the minimum thickness of the coal tar epoxy is 0.012 
inches at random points inside the tank and on the hook or measure 
the build-up on witness plugs used in the threaded opening‘'and the 
change in diameter of the hook. 
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3.4 Testing 

The tank shall be pressure tested for leaks using air pressure 
or vacuum and a suitable material such as soap suds or linseed oil 
for the detection of leaks. All leaks shall be corrected and retested 
for not loss than 15 minutes. The test pressure shall be 3 psi (min) 
and shall be held for an adequate time to permit thorough inspection 
in any case not less than 30 minutes. 

3.5 Records 

The tank manufacturer shall record the results of the Inspections 
and tests of paragraphs 3,3, 3,4, These records shall be mailed 
to the Buyer at the time of shipment. Each tank shall be identified 
for record purposes including Purchase Order number and item number. 

4.0 PREPARATION FOR SHIPMENT 

All finished surfaces not otherwise protected shall be coated with 
rust preventive. Threaded opening shall be plugged and pipes 
extending beyond tank shall be capped and suitably supported to 
avoid damages during shipment. Tank shall be clearly identified 
with purchase order number and item number. 

5.0 GUARANTEE 

Manufacturer guarantees that the vessel fulfills all conditions as stated 
in this Specification and that it is free from fault in design, construction, 
workmanship and material. Should any defect develop during the first 
year of operation, the manufacturer agrees to make all necessary 
alterations, repairs and replacements free of charge. * 
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AUXILIARY ENERGY AND SPACE HEATING SUBSYSTEM 
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DESCRIPTION 

The Auxiliary Energy and Space Heating Subsystem consists of the Solar 
Heating System Space FIcating Coil integrated with a conventional (non- 
solar assisted) electric -heat pump, and auxiliary electric heating coil. 


I 

I 

fOiL 


I 

I 

I 


The heat pump is a matched remote system consisting of an outdoor 
unit and an indoor unit. The Space Heating Coil will be field installed 
between the separable halves of the heat pump indoor unit. The aux- 
iliary electric heating coil will be field installed in the heat pump indoor 
unit. The indoor portion of this subsystem may be installed in a horizon- 
tal or vertical position. 
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CBP10 INDOOR UNITS 



OmstM C«b)nit« — Th« blotter wid coti filltr c«binct» are in ttp«< 
nR« tMtions and tonKructed of heavy gauge gatvanucd steel. The 
cabinets are cub)ect fo a f>ve station imc phosphate metal with 
prccessbefcru pamling. This preparation process results in a perfect 
bo wing surface for the atttcctivn rmish coal of baked'on enamel. 
CiVnotn are completely linud willi thick fiherg’ass intuiition. Ry* 
rra.vibl6pane|s provide complete service access. Positive and quick 
aecuri/iflt)f cabinets together ts ncromrlished with drive cleats. For 
dowivflo applications field modifii aiion of the coil I'lter cabinet Is 
roqutrtJ. The coil dram pan assembly and front panels must be 
removed from the cabinet, rotated 160 end replaced by ih,a installer, 
•tower cabinet supply air opening hit flanges for cate of eonnecting 
dud electrical in.'eis are located in the blower section, see'dimere 
e(on drawing. 

lunnoa Indoor Coif — Lennox designed and fabricated coils are con« 
■IrtKted of precisely spaced ripple>«dged olumlnum fins machine 
•ited to copper lubes. Twin coils assembled in an "A** comiguration 
provides extra large su face and contact area for rnaximum cffi» 
dency. Coils are circuited to maximize the flow rale when defrost 
cynts fai required. Fins are strangthened to rasist bending, which can 
it*trkt air flow and reduce cffidenc/. Fins have noilars that grip 
Ltbing for maximum contact area resulting |n excellent heat transfer, 
nored shoulder tubing joints and silver soldering provide tight leak 
proof jolnu. Colls are thoroughly tested under pressure to insure 
luk proof construction. 

Drain Pan — Deep pan is constructed of corrosion resistant heavy 
••ugi gsNaniied steel Equipped with dur I (primary and secondary) 
gehranued pipe )3i4 mpi) dram outlets extended outs'de of cabinet 
lor ease of connection. Oown-flo applications require field repost* 
boning of the drain pan by rtmoving and rotating the coil drain pan 
•satmbfy 180* and replacing in the cabinet, Field modtpeations ere 
Ml required for up*flo or horitcniai Instatlallons. 


Ctwanabte Ak FDter — Washable aluminum frame filter with muU 
layered expanded aiurnirum mesh media cooled with a water sow 
bieadhtsiva with s high dust holding capacity is furniiheu as starW 
ard. Use RP products coaung number 418 |P>6>50491 for reoUkf 
media after cleaning. 1 inch thick htier is furnished as standard. Fit 
is easily rtmoved and rcpUccd whan cleaning is required. 


Powerful 8lower — Equipped with a Ltnnox designed and built 
rect drive blowtr. EKh b< o wtr is statically and dyne micaity batanoi|| 
as an assembly before it it msullt d In Ihc unit, This special atttntiW 
to design deta«ls and aisemoiy balancing adds up to the quietest a^ 
most efficient direct drive blower in the industry. Mulitspecd me 
ie rasllientfy mountc 1 A choice of birder speeds is avaiuble, : 
blower performance chana. Change of blower speeds is aasriy 
cor.tplished by a simple criange in wiring, 
itowef Cooing Relay Oiijmtshcd) A blower coolinn relay ts ^1 
nithed js sta.ndard equipment and is factory installed in the biows| 
cabinet aeefton. 


Refr IgevMt Line ConrMcSione —Vapor and liquid lines ere equipii|| 
with flare fittings on CBPttMl model. Liquid line has hare fmi/W 
and vapor kne requires sweat connection on the C9Pig.s1 rnoda 
I. Inca are exta nded outsiOe of the cabinet for ease of connect ion, Sej 
dimension drawing for locaiion. 


txpamkMi Valve end Check Valve — Factory installed cxpirwkii 
valve is designed and sued for use in heat pump system Vaivel 
equipped with bleed port whtch permits pressure to equaiii a abl 
compressor stops, allowing k to start in an unloaded canditMi|| 
Che^ valve it furnished Mid factory installa d in iha liquid line. ' 


CBP1041 SPEOnCATIONS 
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•tower section i 

^ ' 01 U 41 

Indoor coil section 1 

CP 10.41 

Nominal cooi.no capaciiv Itonsi ! 
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Net lace area isn h i 

4 47 


Tube d'sm. (m 1 & no ol rows 
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Fins per inch j 

13 


Vapor line conn Im } 
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3 8 Klirnl 

Refrigerant 
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Condensate dram (motl in ; 

34 

•lower tvheei nom diam x width (in ) < 

to M 8 

•lower motor hp j 

1 i 3 

No & S'/e Jl (in 1 1 

miflx? 5 xt 

Electrical Char-irtensliCS | 

20 a. 230 v — 69 hr — Iph 
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ClMtftc Htat (Optional) — Addttiva claclrw htatart a^t avaiiabin to 
tuppitmont hailing capacity indoor unit CCS 10 tanas electiic 
htatara ara availablt in savarat Kw st/as, taa Ciacinc Hast labJa 
Haattri haid intull in «naca provided in hlowtr cab Rat Tha halia 
around mchroma bare wiia heating elements art aapotad directly 
in the eir stream rtiuiting in instant heat tranilar, lowar tiemant 
tamperaturat and long tarvic* life Heaters ara agu ppcd mth sub> 
fcising to meet NEC requirements Each heating tiemant is equipped 
with accurately located limit control with a fiaad temperature oH 
setting and automatic reset lit addition, alememi hake suppieman* 
tat thermal cutoH talety luiaa providing posiiivt protection m cate 
of ekccttive lempcraluras Cuiotf futei 'ra moun'ed eiternal to the 
element face ptata for quick and easy replacamant Thermal ie> 
quancer relay brings Ihs heating elements on and o*< the Ima in 
sequence and equal increments, with e lime delay petween each 
element Sequencer also initiates and terminates b orrer operation 
Heating conlml relaytsl, defrost heat relay, 7* volt transformer and 
terminal block ara furnished as standard equipment 

Control boa and a *cess cover ara constructed of heavy 
gauge galventied steel Heaters are complately factory assembled 
wrth the controls inslaliad and wired. 


ELECTRIC HEAT DATA 


c Clements 

I No, (No. ot Steps) 

inh! A Phis a 


Volts 

Input 

Electric 
Heat Kmt 
l''mit 

LIrrtric 
Heat Qtuh 
Qiimut 

3ca 

10 4 

35 4CJ 

220 

11 6 

331100 

230 

12 7 

43.3CO 

24C 

13 8 

47,100 
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HPIO OUTDOOR UNITS 


WMititf RMiftinl Cibtnnt ~ Hf avy gaune galvsnUed steel catiinel 
it lubjecl to « five station 7inc pnosotute motal wash process Tins 
preparation results in a pcitect bonumq surface for the finish coat of 
baked on enamel. Aitraclive enamd finish gives tho cabinet long 
lasting alt weather proteclion.Topparrel is lined with thick acoustical 
fibcrgljss in..utatiun A rugged steel outdoor coi) (iuord is furnished 
asstan*fard. Dram holes in tne ba>esec!ion provide condensate and 
defnsl drainage Base is slopeo to ar.ture rapid removal of water. 
Heavy duty support channels under tlie bare r.iiise the unit off of Uie 
mounting surface avray from damaging moisture. 

Compressor and Controls Compar'rmtnt — Separate compressor 
and controls compartment isolaiiKt the oimpressor and controls 
from the weather and sourwl transmission. End or top partel can be 
removed for con'tpletc service ecr:eta. 

Contri'f Bos — Large siie cndconventently located In the comprea* 
tor arvi controls ci mpanr,>ent for easy access. Pre*wired at the 
factor/. Electrical inlet holes are provtdod in the cabinet for wiring 
•Tf.fi. 


Efficimt Condenser Fan — Direct drrve fan moves large air volumea 
uniformly thru the entire outdoo.* coit resulting irt high refrigerant 
cooling and healing capacity, Lcuverad panel it removable for conv 
plete aervice access to the fan and motor. Air enters unit thru the 
louvered ptr>el and is discharged thru the co.',*, Slraight thru flow of 
outdoor coil air results in both minimum restriction end opet8tir>g 
coat 

Large Outdoor CrH^Lennos designed and constructed outdoor 
coil provides large surface and contact irea for maximum efficiency. 
Inverted coil circuiting preveraa ice buildup el coil base in low anv 
bientf Discharge gat enters bottom of coil during defrost and heat 
of refngerant flows counter to weiar drainage resulting in extremely 
‘Jean end unobstructed fms arvd tubes. Co I is constructed of prrv 
eisefy spaced npple>«dged fms machine fitted to copper tubes. Fin 
spacing allows rapid and complete water drainage. Fms ere 
strengthened to resist bending end are equipped with collars that 
grip tubirtg for maximum contact area resutiing in exccUenl heat 
l/ansfcr. Flared shoulder lubmg joxirs and silver soldering provide 
tight leek proof joints. Coil is thoroughly tested under pressure to 
insure leak proof construdioru 

Dependable and Quiet Compressor— 

Rugged and reliable compressor is l.‘ rmeticilly sealed, Suction 
cooled, overload protected and equipped with internal pressure 
relief valve Internally protected from a.:cessive current and temper* 
Sturt, Suction gas it routed over the motor resulting ir. low ir»- 
windirtg temperatures Mamtamt oil and discharge temperatures 
within safe limits. Operates etficienthf at low outdoor temperaturos 
during healing mode. A crarxease heater it furnished as standard 
equipment and provides protection from slugging, Tho running gear 
is spring mounted within the sealed nouting. In addition, the com* 
pressor is installed on rciHicni rubber meunis in the unit, assuring 
quiet end vibration free operation. 

Suctfon Lins Aecumilstor — Factory installed and piptd, Ti api and 
prevents large amounts of liquid refrigerant from flooding dirertly 
into the compressor end causing damaga on etsit*ups andrefrigar* 
ani cycle change, 

Reversing Valve — 4>way interchenge 'everting vahre affects a 
rapid chsnga m direction of refngerant flow resulting in quick 
changeover from cooling to hcaUng end vice versa Viive operetai 
on pressure differential berween outdoor unit and indoor unit of the 
r/tlsm. Quiet opeieting and built for years of irouble*free service. 
Factory installed arwl piped. 


Expansion Vatve — Dcsigrted and sired tpecirically for use in heat 
pump system. Sensing bulb is located on the true suction line bet* 
ween reversing valve and compressor thus sensing true suction 
tempcf-iuie in any cycle, Factory mstaiicd and piped. 

Diichurgs Temperature Thermostat — Protects system in case of 
refrigerant charge loss. Factory wired and imta'isd on the discharge 
line. Manual reset. 

Ki-Capathy Ttso Way Drier — Umque two way drier with internal 
cfieik valves is util ted in boih ire coo.ing and hea'mg rycles Fee* 
tory installed m the liquid line assuring a cte an system at all time*. 
High F'lessura Switch — Factory installed and wired Protects syo* 
tern from aunormal operating conditions. Manual reset. 

Defrost Control — Units are equipped with an air pressure diffaren* 
lial defrost control syrtem, Factory installed nr pressure switch 
activated by the pressure difference across the outdoor coil, due to 
frost eccumutation, automeiically initia'es die defrost cycie. The 
defrost cycle is terminated by a temperature sensing eierrent which 
senses Itie refngerant temperature leaving the outdoor coil, A do* 
frost cycle Is called for only when sufficient host hes accumulated on 
the coil to cause tht rwcessary air pressuie d Herencc. Unit opero* 
tion will not be interrupted by an unriec*stary detrosf cyde caused 
by changes in otner pahs of the system due to malfurKlion. The 
defrost control <s factory eat. 

Refrigerant Line Connections, Electrical Inlets arsd Service 
Vehree — Vapor rsd liauid lines extend outside ofcaoinelforeeseof 
field conneatom, PVrigorint line connections and field wirrrsg inieta 
are ell convementhr made at one central iocatx>o on the imiL Fur* 
nished and factory mstallc I arc e ch«ck vahre, a schndcr fining In the 
suction and discha*ge lines, shutoff vahre wxh gauge porta or, the 
vapor and liquid unas. 

Start KKs (Optbnal) — Available as optional ectuipmerd for field 
installation on the MP10-51IV ar>d HPI0-4itV rngie phase unitm. 
Provides assistance for compressor ctan under loaded conditioncor 
in the event of low voltage. Specify complete un« mooel number 
when ordering. 

Outdoor Tbermottae KH lOptionaf; — Therrrtostatfsf mainteina the 
healing load on the ,»cat pump as long as possioic before etiowing 
the optionel aus,« try electric heat to come on Kit ILB-44376BA} 
contains one outdoor IheinKislal end mounu.-^g bracket with prowi- 
slons for moum<r>g two thermostats If the inftaiial«n requires two 
thermostats an additional thermostat (P*6*t07tSi rriutt be ordered 
extra. 

Approvale — Outdoor units have been thorouqhfy tested whh 
matching indoor umts in the Lennox Research Laboratory envirorv 
mental lest room aryj accurately rated according to ARiSiandard 240 
conditions. In addlK>n. units have been rour>o tested rn the Lennoa 
reverberant sound test room and rated according to ARI Standard 
270 conditions Units coming within the scope of thra standard 
(135.000 Btuh or kessi carry the AKt cedification seal Outdoor un<te 
and r.omponer>ts within are bonded for grounding to meet safety 
■tandards for sor vemg required by U L. end NEC. Urtrti are afeo U.L 
Ustad and lifted by CS A. as certified 
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Lrrmoa 
Outdoor Unit 
Model No. 


Nurnhpr 

jinrf yoUtne tMiA 

H iQ»f) Jim 

Comprtttor Powr «*nof 


HPtQ-lltV 

73 V quo; tph 
If 0 


Outdoor Coil t-u • 1 1 3 0 

F.tn M otor Tor»» ■» n**?! Amn< jj 
*V ntmiim riif >t ■«»»": f *y il ?4 j 

*R«l«r to Niiion^i kiecinc#< CaOf m«nu*i to oeirtmuw wire lute end oiKonneci Mt rtquwtmti 
NOTi — iMiames ol operitjog range are plui and mmut 10% of l«ne ««nage. 


ORIGINAL 
OF POOR QUALrrv 


SEIECTOR 

*AMI Standard ?40 Mxtinnt 


High 

Low 

** Total Unit Watts | 

Dehumid* 

Hasting 

Capacity 

JHi-thL 

Hasting 

Cspscity 

(ntuhl 

Cooling 

EER 

(Oliif 

Watt) 

High j 

Tamp. C O P. | 
Hasting 

Low 

Tamp 

Healing 

COP. 

ifying 

Capacity 

31,000 

18,000 

3080 

7.7 

3400 2 7 1 

2750 

1 9 

27% 


Lennon indoor Unit 
Up-Ho 


I I 30&0 I 7.7 I 3400 2 7 | 2750 j 1 9 j 27% [ CBPUM1 | 

• Rated m accordance witti ARI Standard 770 

*Ratr^ in acc^rdar^p wiiri ARI ''landard 2 d 0 At 4b0 cfm Imanmum) indoor air voluma per ton of cooling capacity and 30 h otcortnectng refrigeraea trMt. 
Cocint Rannot — 9SF outdoor air Ipmoeialiire and but 0067F wb entering indoor coil air 
HigK Temp Heating Raiingt » 4 7F rib 41F wb oulriaor a«r lemp^aiuie and 70F db enlering irxtoor cod arr. 
iowr Temp Healing Ralingi — t?F dli ibF wb ouldooi a r trmperaiuie and 70F db entenng ir.door cod air, 

'*Watiape lor blower motor included m total unit waitl luted. 


KP10-311V HEATING PERFORMANCE 
<t 112S cfm Indoor Coil Atr Volume ICBPI041) 
■Outdoor Comptenor Total 

Tamp«ratur« Motor Warn Output 

(Dfnree F) Inpirt IPluM 


HP10-311V HEAT PUMP OUTDOOR UNIT HEATING CAPACfTY 


Indoor Coll 
Air Voluma 
(cfml 
70F Jb 


NOTE —Haaimg capecitita includa tba efieci ol detroil cyeiei m tn# tempaialure rar»ge wnert may occur 


Air 1 t*mi 
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Heating 
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(i'tUb) 
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1 ** ■} 

3?’0 i 

.■» 7%7 

?-?5 

•) 


1 '-T ??0 

5 i »5 

, 1 t - ) 
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Motor I Heaung 

Watts I Capacity 

lnpi,t • *’»ifh| 



HP10 311V HEAT PUMP OUTDOOR UNIT COOLING CAPACITY 
Atr T«mp«raaura Entortng Otrldoor Cod |F) 


■Outdow ten.pe<Jlii«« 4 t fU ‘« rnleiive nurrmiity 
bidoor tamporarure at JO 


!! erF Dr 

SuR} 

mm %.as««y ^ if 

u »7 

•M - 1 iS; 
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Total 

Cooling 

Capacity 

r.itthi 

85 

Sansibte 
To Total 
Ratio 
IS 7 ) 

Compi Total 
7 f 1 olori| Cooling 
WattS'iCapacilv 
Input I mtiih) 

w 

Sensible 
To Total 
Ratio 
ISTI 

} - 
Comp.jl Total Senutola 
Motor ij Cooling To Total 
Watts nCaoecity Ratio 
Innut t| lOluh) IGT 1 

S 

Comp i| Total 
Motor 1 Cooling 
Watts CatMcrty 

tnnijt ■* iStuhJ 


tPM 

7 /.* ') 

HJ 

. < I *'r' 1 

h 7 

: ;o •( ro ti'.D 00 

:'t.? ' > 

63 

1)75 

? V "O 

H 7 

; ■ , ; r tr 0 

91 

: .>5 ■ ? 7 :. -3 93 

3 -M,>.AJL 


17^0 

7 't/ 0 

«I 1 


C '5 . 

• r. 1 17 . _ 

V ! 1 : ; ) 
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V. : -•) 
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. .A._? : 

: •) t : J .5 3 71 _ 

' ' . - ' 
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n -"o 

fO 

: ■* I '.v. o_ 

-..iU 

1 It : 1 74 
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mote — Atl valuei ate grMi cepacilitt and do not include indoor coil blower motor neat deduction. 
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ttofrlgarant Lino KHa — Lints art availabis In sovsral kngiha and 
muH ba ordered oxtrn. See Refrigerant Lina Krt taWe for Mitetkm. 
Tht fffrigtrant linas (vapor and hauid) are shipped refrigeration 
clean. Lints are cleaned, dried and prestumed at the factory and 
aaaled by mians of a rubber plug. Plug hs tight enough to hold h^h 
pretturo In the lines. Theta pluga should not ba ramowed untol 
• connactions era ready to ba made. Thus tha systern is assurad of 
completely clean and dry lines for tha insiailatton. Vapor lina is fully 
irtaulatad. Linas ara furnished with a llaro fitting I indoor unit conrtac* 
tion) on ona and and lest any lining (stubbed) on the opposKa and 
for eonnaction to tho outdoor unit. 


REFRIGERANT LINE KITS 



3* mbnimum fee saevtoa 


•UADiNo tmuenme 


Outdoor Unit 
Model No 

Lina Set 
Model No. 

Langtrt ot Vapor 
ft Liouid Lines (ft t 

Liquid Lina 
(odlnJ_ 


Lin 41.70 

20 


HP10-311V 

L10 4130 

30 



LIO-41.40 

40 
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APPENDIX E 


HOT WATER SUBSYSTEM 
DRAWING NO. SK 142052 
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APPENDIX F 
CONTROL SUBSYSTEM 
DRAWING NO. SK 142105 
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Solar Heating Svatem - Single Family Residence 
SEQUENCE OF OPERATION 


ORIGINAL PAGE IS 
OP POOR QUALITY 


GENEBAL 

The solar heating system and the auxiliary heat source <hcat pump and 
electric coll) are controlled by the space thermostat. The control logic 
U as follows; 

• Collect solar energy when available 

- Store energy under no load conditions 
* Provide energy directly to load on demand 

• Use direct solar energy before stored energy 

• Use stored energy when direct solar energy* is not available 

• Use direct or stored solar energy before auxiliary energy 

DIRECT HEATING FROM COLLECTORS 

Whenever plate temperature Tp Is greater than 105®F (adjustable) and there 
is a call for heating from the space thermostatipumps P| and P 2 are activated. 
Valve V 2 Is positioned to direct flow to the heating coil. The furnace fan is 
activated to provide warm air to the space. A heating coil leaving air high 
limit controller will cause valve V 2 to direct flow to the storage tank If the 
beating coil leaving air temperature exceeds 140^F. Direct heating 
operation will continue until the space thermostat is satisfied or until 
the collector plate temperature has dropped to 90°F. 

HEATING FROM STORAGE 

Whenever Tp is less than 105®F (adjustable^ Tsx Is greater than 100®F 
(adjustable) and there is a call for space heat, pump P 3 is activated to 
discharge the storage tank for space heating. Valve V 2 is positioned to 
direct flow to the heating coil. The furnace fan Is activated to provide warm 
mir to the space. Pumps P| and P 2 are not allowed to operate during this 
mode. The heating coll leaving air high limit controller functions as 
described above. 

STORAGE CITARGING 

Storage charging is accomplished whenever Tp is greater than TgQ by 18®F 
(adjustable). Pumps P|^ and P 2 are activated and valve V 2 is positioned to 
direct flow to the storage tank. If the above temperature difference falls 
to less than 3^F (adjustable), the storage charge mode is terminated. 

HEAT REJECTOR CONTROL 

Whenever the collector discharge temperature exceeds 210°F (adjustable) 

SB sensed by Tcq valve Vj Is positioned to direct collector loop flow 
through the heat rejector, and the heat rejector fan is activated. 

AUXILIARY HEATING 

Whether or not, solar heating is being utilized, cither direct or stored, 
Buxillary heating will be available. If required, from the heat pump. 

Additional auxiliary heat will be available. If required, from the electric 
heating coil us determined by the control logic and outdoor thermostats 
T-1 andT“ 2 . 

DOMESTIC HOT WATER HEATING 

Whenever domestic hot water is drawn from the water heater it Is 
.replaced by preheated water from a coil in tlie storage tank, A 
thermostatic mixing valve Is used to regulate the hot water supply 
temperature to 140^F. • 
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APPENDIX G 


SITE DATA ACQUISITION SUBSYSTEM 
DRAWING NO. SK 142104 




'~ 1 ’'' rrr^.'r.K¥‘f,f. fi’Si."J!'f-7't''''’''{'’''i’}.»i'’ 'V f !7^^ 


, JifffiQfigia £RAME 





€ 1001 
•TOO! 


/ TMJJSPOtT^ 
/ ^WObOLt 


COC!-:*C.TOR.‘> I 





/ 

/ 



*1 1 


/ 


i) 

cvs-« 

JL i 

/ 


tP400^ 

1 

pi 

TI02 E- 


-D TP^Oi 

* 1 
1 

LE==a 

/ [ 

4 

1 ... 


ir|S/ 





PURCtuUlT 




/ 





/ 





/ 




1 

/ 



) 

1 ! 

' tPiooT 

-3* 

r TCoo^ ^ 


Gl— 



ca — 

1 i 


6nLDWftAQU\6tTlDiO 

U0 6CALV 


WSTflUMCNTS SEMSORi PCWiDCO CTHf 


KMSOn MRES 


iUNCTIOM BOX 
»r OTHESi-p 


tITE DATA 

ACQUISITION lUOSYSTCM 
BY CTHCS.$ 






0 J-BOX h 

BYCT--=a4 I. I ; 


J^BOX/SOAS INTERFACE CAOLI 
(MAXlAtJM SEFABATION 
rouR fceti 


TELEPHONE INTERFACE 
6Y CfTHtt*^ y 


WL. D^T^ Wl^lTlOU *?U&WTC.U COMPOIJEkITS 

NO BCAO.C 



2 


1 





•TP40I 

WCATWMP WDOMt.UUiT 


I* 

•? 

Mens rMSTALLCP BY 
% CoMJfEAcfOK 


t Wt^tMOi To 5 g>M6 
BY MUC>V 


It BY OTHERS 



REVISIONS 


LTR 

oEscnimoN 

DATE 

APfROVCO 









SITE DATA ACQUISITION SUBSYSTEM 
MATEHIAL LIST 




Site Data Acquisition Subsystem Module 
Junction Box 

Instrumentation Sensors as follows: 
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FUNCTION 
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1001 

Total Radiation 

© 

TOOl 

Outdoor Ambient DB Temperature 
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TlOO 

Collector Inlet Temperature 


TDlOl 

Collector Differential Temperature 
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TI02 

HX Solar Inlet Temperature 


TD103 

HX Solar Differential Temperature 


T200 

IDC Hot Water Inlet Temperature 


TD201 

HX Hot Water Differential Temperature 
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T202 

Storage Tank Temperature - Top 
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T203 

Storage Tank Temperature - Middle 
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T204 

Storage Tank Temperature - Bottom 
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T300 

Domestic Cold Water Temperature 


TD301 

Solar DHW Preheat Differential Temperature 
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T400 

Heating Coil HW Inlet Temperature 


TD401 

Keating CoU HW Differential Temperature 

® 

T600 

Space Return Air Temperature 
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T601 

Heating Coil Air Inlet Temperature 
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TD602 

Heating Coll Air Differential Temperature 
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T603 

Space Supply Air Temperature 

© 

WlOO 

Collector Flow Rate 

© 

W200 

Storage Flow Rate 

© 

W300 

DHW Flow Rate 

© 

W400 

Heating CoU Flow Rate 
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EPIOO 

Collector Pump Power 

© 

EPIOI 

Heat Rejector Fan Power 
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EP200 

Storage Pump Power 

© 

EP300 

Domestic HW Heater Power 
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Heating Pump Power 
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EP401 

Electric Heater and Fan Power 
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EP402 

Heat Pump Power 
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TEMPCKATURE- 6 EM 60 g. 

1, All tecfioraturo sensors shall be located so as to avoid 
accidental daiaago to the sensor head assenbly* 

2. Dgm Coming DC-340 heat transfer grease shall be applied 
to the bottom of the tenperature probe prior to insertion 
into the thermowell. 

2. 2n areas where there is a mixing of flows » the tesperaturc 
sensor shall be mounted a minimum of twenty (20) pipe 
diameters downstream of the point of mixing. 

4. All tenperature sensors shall be identified with a brass tag. 
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FLOWMETER INSTALLATION INSTRUCTIONS 

L Flowmeters shall be preceded by a minimum 
of twenty (20) pipe diameters of uninterrupted 
flow line upstream* and followed by a mimimum 
of ten (10) pipe diameters of uninterrupted flow 
line downstream. These sections sholl have no 
elbows* valves, thermometers or temperature 
sensors, or other obstructions. 

3. Flowmeters shall be located in the horizontal 
position. 

3. All flowmeters shall be Identified with a brass 
tag. 
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APPENDIX H 

ELECTRICAL SUBSYSTEM 


DRAWING NO. SK 142103 






aOLAR HEATING SYSTEM • SINGLE FAMILY RESIDENCE 
ELECTRICAL SUBSYSTEM 


GENERAL CONDITIONS 

1.1 Stoptt Th» EUctrtcal Subsystem will Involve all field 
sUctrlcal wiring necessary to complete the solar heating 
system and make it ready lot operation, 

t»S Required Work: The Electrical Contractor shall provide a 
aspirate branch circuit to each of the following. Values 
given are minimum circuit ampacity. 

a. l 130 V single phase 

1. i Heat Fuinp Outdoor Unit: 34. 3 amps 

1. 1 Electric Heating Cotl and if eat Pump Indoor Unit: 
If. 3 amps 

3. 1 Domestic HW Ileateri 30. 1 amps 

b. l 130V single phase 

I.) Energy T ransport Modul 13.9 amps 

Each branch circuit shall have a circuit breaker or fuse at 
mkiii electrical panel, sized per all applicable codes. A 
disconnect switch shall be provided if required by code. 

BASIC MATERIALS AND METHODS 

2.1 Haste Materials: All materials shall be supplied by the 
Electrical Contractor. All materials shall be as specified 
by the Architect and required by all applicable codes. 

t. 3 Basic Methods: All work shall conform with all applicable 
codes. 
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ARCHITECT' S SOLAR HEATING SYSTEM SPECIFICATIONS 
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DIVISION 15 - MECHANICAL 


1. PROJECT DESCRIPTION 

1.1 The work included in this contract consists of the installation 
of a solar energy system to provide space and domestic water 
heating for a single-family residence at the intersection of 
Long 6 Hamilton Streets, in the City of New Castle, Pennsylvania. 

1.2 Honewell, Inc., under contract to the U.S. National Aeronautics 
and Space Administration will provide at no cost to the contractor 
components for the following subsystems; 

a. Collector 

b. Storage 

c. Auxiliary Energy & Space Heat 

d. Domestic Hot Water 

e. Energy Transport 

f. Control 

In addition, Honeywell will provide componets for another subsystem, 
the site data acquisition subsystem. All costs related to this 
subsystem for materials and labor must be identified as an alternate 
to the base bid. 

2. WORK BY OTHERS 

2.1 The following is work that will be performed by others. The 
contractor shall be responsible to coordinate his work to provide 
proper interfacing between his work and the work of others. 

a. General construction of the residence including all necessary 
site work, utility service, distribution ductwork for the 
space heating system to and from the heat pump unit, and 
distribution pipework for the plumbing system from the domestic 
water heater and cold water inlet to the plumbing fixtures. 

3. SCOPE OF WORK 

3.1 This specification covers all labor, tools, and 
for the complete installation of the wo'k shown 
drawings and described in these specifications, 
shall be guaranteed against defects in material 
one year. 

• LAWS. REGULATIONS AND FEES 

l|.l This work shall comply with all applicable laws and regulations. The 
Contractor shall secure and pay for all necessary permits. 

5. HONEYWELL - GOVERNMENT FURNISHED EQUIPMENT 

5.1 The follovnng is a list of the system components v/hich will be 
furnished at not cost to the contractor. 
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6. STARTING OF PIPING SYSTEMS 
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6.1 Collector Loop 

a. Complete testing of collector loop os called for elsewhere in 
three specifications. 

b. Filling and Cleaning Precautions 

(1) Cover collectors before filling or fill at night 

(2) Do not operate pumps dry 

(3) Do not over-pressuri ze system on initial fill 

c. Clean system with a solution of 1 gallon trisodium phosphate 

per 100 gallon water circulating for four hours. Check strainers 
periodical l.y* and clean as necessary to avoid damage to pump. 

d. Drain cleaning solution and measure collector loop fluid volume 
so that correct amount ethylene glycol can be added. 

e. Flush system with clean water for two hours. 

f. Collector loop filing procedure: 

(1) Open vent at top of collectors 

(2) Fill system with proper amount of ethylene glycol to provide 
a 50% by volume solution. 

( 3 ) Add corrosion inhibitor as per manufacturer's recommendations. 
(i|) Operate control valves as necessary to fill all piping and 

remove all air from system. 

( 5 ) Close vent and add fluid to provide a nominal 30 psi gauge 
pressure at module fill point. 

(6) Operate system and check all vents to eliminate all air from 
system. 

( 7 ) Add water to pressurize system as shown on mechanical plans. 

6.2 Storage/Heating Loop 

a. Complete testing of storage/heating loop as called for elsewhere 
in these specifications. 

b. Filling and cleaning precautions: same as above. 

c. Flush storage tank with a hose. 

d. Flush piping with clean water for two hours. 

e. Storage/hcating loop filling procedure: 

( 1 ) Add water to system up to proper level in storage tank. 

( 2 ) Operate control valves as necessary to fill all piping and 
remove all air from system. 

( 3 ) Recheck storage tank level and fill accordingly. 

(1|) Add corrosion inhibitor in quantity specified. 

6.3 System Operation 

a. Uncover collectors and operate system for several days under 
automatic control. Check system fluid levels, air vents, and 
operating pressure periodically. 

6.i» Contractor will be assisted by systems engineer. Submit results of 
above work to architect. 
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7. TESTING 


7«1 Solar Heating System Piping: (except collector headers, storage 

tank, and hose connections to collectors.) 

a. Test after erection and before concealing or covering. Any 
• materials or workmanship found faulty shall be replaced or 

repaired and sections or systems retested. 

b. These systems shall be proven tight under a hydrostatic pres- 
sure of 100 psig. 

7.2 Collector Headers and Hose Connections to Collectors 

a. Test after erection and before concealing or covering. Any 
materials or workmanship found faulty shall be replaced or 
repaired and sections or systems retested. 

b. Cover collectors or conduct test at night. 

c. These systems shall be proven tight under a hydrostatic pre- 
sure of 50 psig . 

. 7-3 Test results shall be submitted to Architect. 

8. BALANCING OF SYSTEMS 

8.1 Hydronic Systems 

a. Balance flow rate of each pump to within of specified flow 
as shown on plans. 

b. Balance flow rate through each branch circuit to within 5^ of 
specified flow as shown on plans. 

8.2 Air Systems 

a. Balance air system so as to provide flow rate at Solar Space 

Heating Coil within of specified flow rate as shown on plans. 

8.3 Motor Amperages 

a. Measure all motor amperages and compare with nameplate ratings. 

8.i» Balancing results shall be submitted to Architect. 

9 . PIPE AND PIPE FITTINGS 

_ _ . . ... _ ' ■ 

9.1 Solar Heating System 

a. Type “M** hard drovvn copper tubing with wrought copper or cast 

bronze fittings. Solder joints made with 95-5 tin-antimony solder 

9.2 Installation Method 

a. According to iiianufacturcr *s instructions. 

9.3 General Requirements 

a. All piping shall be run parallel to adjoining building surfaces 
and by the most direct route. Exposed piping shall bf run as 
close to ceiling and/or walls as possible. 

b. All pi,>ing shall be installed so as to allow for movement due 
to thermal expansion and contraction. 
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c. Install manual air vents as shown on plans and all high points 
in the system. 

d. Anchor vertical piping for support os required. Install pipe 
hangers in horizontal piping at eight foot intervals. Pipe 
hangers shall be F6M No. }(>h or No. 365, or Autogrip, or equal. 
Provide an eight inch section of rigid insulation for pipe 
saddle within each hanger. 

10. VALVES 


f- 
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10.1 Manufacturer 

a. Valves shall be manufactured by Crane, Jenkins, Walworth, Powell, 

Lunkenheimer , or Stockham, except as indicated. 

10.2 Valves - Solar Heating System 

a. Gate Valves, 2" and Smaller 

(l) 125 lb. steam, bronze body, solder end, solid wedge, 

rising stem. 

b. Check Valves, 2" and Smaller 

(1) 125 lb. steam, bronze body, solder end, bronze disc, 

swing check. 

c. Ball Valves, 2" and Smaller 

(l) 150 lb. steam, brass body, screwed end or solder end, glass 

reinforced Teflon seats and stem seals, balancing stop, 
brass ball, blow out proof brass stem and vinyl grip on 
handles. 

d. Drain Valves, 2" and Smaller 

(l) 125 lb. steam, bronze body, globe valve, screwed end or 

solder end, composition disc. 

e. Balance Valves 

(l) Circuit setter balance valves as manufactured by Bell £ 
Gossett and sized as shown on the drawings. 


10.3 Valve Tags 

a. Each system valve shall be identified with a stamped numbered 
brass tag. A schedule of valves including valve size, service, 
manufacturer and location shall be submitted to Architect. 

11. • SOLAR STORAGE TANKS 

11.1 Procurement 

a. The Solar Storage Tank will be supplied by Honeywell ERC. 

11.2 Requi red Work 

a. The Mechanical Contractor shall install the Solar Storage 
Tank as shown on plans. 

11.3 The Mechanical Contractor shall provide and install the position 
shown on the drawings, one Consolidated Brass (fflO-lOj) sel f~cleaning 
water gauge, rough body, aluminum wheels with two rods. Tested for 
pressure to 200 pounds. 
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12. INSULATION 


12.1 General 

a. Scope 




(l) This section pertains to insulation of all solar heating 
system piping supplied by the Mechanical Contractor. 

b. Material 

(1) Armstrong Armaflex, 3/^ inch thickness with waterproof 
coating. 

c. Installation 

(l) Per manufacturer's recommendations. Waterproof all 
sections exposed above the roof. 


13. PLUMBING 

13.1 Domestic Water Heater 

a. Procurement 

• (l) The Domestic Water Heater and Mixing Valve will be 
supplied by Honeyv;cll ERC. 

b. P.equired Work 

(1) The Mechanical Contractor shall install the Domestic 
Water Heater and Mixing Valve as shov/n on plans. 

U. SOLAR COLLECTOR SUBSYSTEM 

ll».l Scope 

a. The Solar Collector Subsystem consists of the solar collectors, 
collector header piping, flexible hose connections to each sola 
collector, and the purge coil. 

14 .2 Procurement 

a. These components of the collector subsystem to be supplied by 
Honeywell ERD are shown on plans. All other materials required 
for a complete installation shall be supplied by the Mechanical 
Contractor. 

14.3 Required V'ork 

a. The Mechanical Contractor shall install all above equipment as 
shown on plans. Header assembly joints shall be made with S5~5 
tin-antimony solder. During the joining process a heat sink 
shall be provided between the coupling and the pre- insulated 
header sections. The pre-insulatcd header sections shall not 
be at temperatures greater than 220°F. 

1 5 . ENERGY TRANSPORT MODULE 

15.1 Procurement 

a. The Energy Transport Module will be supplied by Honeywell ERC. 

15-2 Required Work 

a. The Mechanical Contractor shall install the Energy Transport 
Module as shown on plans. 







16 . SOLAR SPACE HEATING COIL 

16.1 Procurement 

a. The Solar Space Heating Coil will be supplied by Honeywell ERC. 

16.2 RequI red Work 

a. The Mechanical Contractor shall install the Solar Space Heating 
Coil as shown on plans. 

17 . ELECTRIC HEAT PUMP 

17.1 Procurement 

a. The Heat Pump will be supplied by Honeywell ERC. 

17 . 2 Requi red Work 

a. The Mechanical Contractor shall install the Heat Pump Components 
as shown on plans. 

18 . CONTROLS AND INSTRUMENTATION 

18.1 General 

a. Refer to Solar Control Subsystem, Site Data Acquisition Subsystem 
(SDAS) . 

18.2 Basic Materials and Methods 

a. Refer to Solar Control Subsystem, Site Data Acquisition Subsystem. 

18. 3 Sequence of Operation 

a. Refer to Solar Control Subsystem plans. 

19. CONTROL SUBSYSTEM 

19.1 Scope 

a. The Control Subsystem will include all controls necessary for 
operation of the solar heating system. 

19.2 Required Work 

• • a. The Mechanical Contractor will’ install and wire all controls 

as shown on control subsystem wi ring schematic. This will include 
all line voltage wiring required. 

19.3 Procurement of Control Devices 

a. Control devices listed in Section (i.c., Solar Control Panel, 
Aquastats, Thermostat, etc.) will be provided by Honeywell ERC. 
This will include the control devices only, all other materials 
necessary for a complete installation shall be provided by the 
Mechanical Contractor. 

19.^ Basic Materials 

a. Control sensor v;iring (Tp and : Wiring from solar control 

pane* to control sensors Tp and ¥53 shall he run In conduit 
in outdoor areas and sliall be Bcldcn «8762 or equal. 
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b. Power and control wiring: All line and low voltage wiring 

. shall be of size and type required by applicable codes, and 

supplied by Mechanical Contractor. 

c. Other Materials: All other materials required for a complete 

Installation of the Control Subsystem shall be supplied by 
the Mechanical Contractor. 

19*5 Basic Methods 

a. Control device installation methods: As per applicable details 

and/or instructions included with equipment. 

b. Electrical wiring: As per all applicable codes. 

20. SITE DATA ACQUISITION SUBSYSTEM 


20.1 Purpose 

a. A Site Data Acquisition Subsystem (SDAS) will be installed to 
evaluate the performance of the solar heating system as well as 
determine the contribution of collected solar energy in reducing 
the consumption of conventional energy. The Site Data Acquisition 
Subsystem components will be furnished by NASA, consisting of 
instrumentation sensors, junction box, Site Data Acquisition 
Subsystem Module and a telephone interface. 

20.2 Note that all materials and labor in the Site Data Acquisition 

Subsystem are to be clearly identified as an alternate to the Base 

Bid.. 

20.3 Required Work 

a. Instrumentation Installation 

(1) The Mehcanical Contractor will install all sensors listed 
in the instrumentation schedule. The sensor locations 
are shown on the Site Data Acquisition Subsystem Schematic 
and the mechanical plans. The Mechanical Contractor shall 
install the sensors in the locations shown so as to provide 
for accessibility and case of servicing. 

b. Instrumentation Wiring 

(1) The Mechanical Contractor shall perform all electrical 

v^lring from each sensor back to the Junction Box as shown 
on details and described below. 

c. Watt Transducer Installation 

(1) Mechanical Contractor shall install and wire watt tranducers 
on or near equipment served, and revise factory wiring as 
required. See Watt Transducer detail. 

d. Site Data Acquisition Subsystem Module 

(l) The Site Data Acquisition Subsystem Moducl will be furnished 
by NASA, and installed by the Mechanical Contractor. The 
installation location will be as shown on mechanical plans. 

e. SDAS Telephone Interface 

(1) NASA will provide the telephone installation required for the 
SDAS. 
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f. SDAS Electrical Interface 

(l) The SDAS will interface with a standard 110-125V, 60 Hertz, 

I phase, 3 amp service. A standard 3 wire interface (safety 
ground, power and return) with a standard twist lock outlet, 
located within six feet of the SDAS, shall be provided by 
the Mechanical Contractor. NASA shall provide a three pin 
twist lock connector and cable to interface the SDAS with 
the power outlet. 

20.^ Required Work 

a. Junction Box 

(l) NASA shall provide a Junction Box to the Mechanical Contractor 
for installation in a location as shown on mechanical plans. 

The Junction Box shall be located so that it is accessible 
for wiring connections from the sensors into the top and 
is within four feet of the SDAS location. At the required 
mounting location, the Junction Box shall b mounted using 
the four mounting feet located at the top and L -ttom of the 
unit. Depending on the characteristics of the mounting surface, 
molly bolts, wood screws or bolt/nut combinations shall be 
used to mount the unit. The Junction Box shall be installed 
In a top-up orientation. 

b. Junction Box/Sensor Interface 

(l) NASA will establish the wire run list v/hich identifies where 
each sensor wire attaches to the Junction Box. The Junction 
Box will be prewired from the terminal strips to output 
connectors by NASA prior to delivery to the site. Each 
applicable sensor detail illustrates the sensor to Junction 
Box wiring. The Mechanical Contractor shall connect sensor 
wires to Junction Box terminals according to a wiring diagram 
to be provided by NASA. 

c. Junction Box/SDAS Module Interface Cables 

(l) NASA will install the cables between the Junction Box and the 
SDAS Module. 

20.5 Restrictions On Use of Instrumentation 

a. No monitoring, indicating or readout devices are to be connected 
to the instrumentation sensors, l.e., paralleled with the Site 
Data Acquisition Subsystem, without prior approval of NASA. 

20.6 Failed Sensor Replacement 

a. The iriiproperly operating sensor will be identified to Honeyv-;ell 
ERC after examination of the sensor for signs of physical damage 
such as broken v-;ires, loose connectors, loose terminals, etc. 

If no physcial damage is apparent in the Inspection, NASA shall 
be notified for further instructions. If mechanical damage is 
apparent, the sensor shall bo replaced by the Mechanical Contractor 
with a sensor supplied by NASA. The defective sensor shall then 
be returned to NASA for failuto analysis. 
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20.7 Installation Materials and Methods 

a. Wiring from the sensors to the Junction Box shall be performed 
by the Mechanical Contractor utilizing wire supplied by the 
Mechanical Contractor. The wire size and number of conductors 
required for each sensor type is specified in list below and 
each sensor type is specified in list below and each sensor 
detail, The Sensor-to-Junction Box wire shall be UL approved, 
color-coded, audio and instrumentation grade coble of the 
following manufacture or equal: 

Alpha P/N 2i{21-l8 gauge, 2 conductor 
Dearborn P/N 972202-18 gauge, 2 conductor 
Alpha P/N 2424-18 gauge, 4 conductor 
Dearborn P/N 97l804-l8 gauge, 4 conductor 

All externally exposed wire in the outdoor environment or 
buried will be In conduit. 

Wire nuts will be utilized for terminations at the following 
sensors: 


Temperature Sensors 3 each (single element) 

Temperature Sensors 6 each (dual element) 

Wire nuts shall be replaced with a butt splice in areas where 
the connections are exposed to vibration. 

Ring terminals will be used to terminate the v/i res at the 
following snesors: 

Flow Meter 5 each 

Watt Transducer 2 each 


If terminations conflict with local codes, local codes shall 
be appl icable. 

b. Other Materials 

(1) All other materials necessary for installation of the 
sensors shall be provided by the Mechanical Contractor. 
This v/ould include but not be limited to, pipe fittings, 
fasteners, electrical enclosures, terminal blocks, 
electrical wiring, electrical conduit, and any other 
materials necessary for a complete installation of all 
sensors . 
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